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ABSTRACT

The dust cloud generated by a tandem-rotor 11-21
helicopter was studied as a function of type of soil, hover
height and disc loading. A total of 98 tests were made,
anC three different test sites were used. Samples were
collected at 25 locations on the helicopter. Analyses were
made for dust content and particle size distribution.

Average dust concentrations at the area of highest
dust density, i.e., at rotor blade overlap, were:

Hover Sampling Site (mg/cu ft)
Height PhilliDs Vehicle Dust Lee DZ
(ft) DZ, Yuma Course, Yuma Ft. Bennina

1 12.4 15.5 18.4
10 18.5 18.1 17.4
75 5.3 13.6 3.0 '

The highest concentrations were measured at the site of rotor
blade overlap, and the lowest concentrations were found be-
neath the rotor hubs.

The maximum particle size decreased with increasing
elevation. No particles over 500 p were found at any elevation.

Dust concentrations of 40 mg/cu ft were measured
during takeoff and approach maneuvers. With another heli-
copter hovering in the immediate area, concentrations of
64 mg/cu ft were measured.
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FO.,,ORD

This reoort was prepared by 'ISA Research Corporation
under U. S. Army Aviation Materiel Laboratorieb Contract No.
DA 44-177-AM.C-289(T). The contract was administered under
the direction of Ir, Joel Terr of USAAVLABS as project
engineer.

The report is a summary of work conducted durinq
the period October 1965 to July 1967.

Sheridan J. Rodgers was the project engineer for
14SA Research Corporation. nuy Kennedy of MSA Research
Corporation actively participated in the design and fabri-
cation of the test equipment. Messrs. J. A. Mangold, J. J.
White and W. A. Miles participated in the field tests.

Particle size and weight analyses were performed
by U. S. Army Waterways Experiment Station under the direction
of Phillip Vedros.

The helicopter crew was vupplied by USAAVLABS.

V



-q

TABLE OF CONTENTS

ABSTRACT . . . .. . . . . . . . . . . . .. .. i

LIST OF ILLUSTRATIONS . *.. ........ viii

LIST OF TABLES.......* ...* . . . . . . ix

INTkXODUCTIO. . • . . . . • • . . . o * •

OBJECTIVE3 OF THE ROGRAM . . . . . . . . . . 1

Type of Craft .. . . .o * * * * * * * 2
Type of Soil . . . . . . . . . . . .* . . . 2
Disc Loading . . .............. 4
Hover Height . . . . . . . . .0 .0 * * * * 4
Wind Conditions. ........... 0 4

APPARATUS * * 0 * * 0 0 0 0 0 * * . * * * * . * 0 0 4

Small-bcale Samplers . . . * 5
12,000 CFM Sampling System . . . . . . . .o 10
Analysis of Dust . . . . . . . * . . . 10

TEST PROGRAM . . . . . . . . . . . . . . . . . . . , 11

RESULTS AND DISCUSSION............... 14

Small-Scale Tests o 14
Large-Scale Tests 21
Visibility . . 0 . 23
Effect of Another licopter

Hovering Nearby b ... ....... 27
Effect of Takeoff and Landing .. , .. , 27

CONCLUSIONS AND RECO4MENDATIONS . . . . . . . . . 27

SREERNCES CITLD , 32
APPENDIXES

I. Summary of Test Conditions ... . . * 33

II. Summar of Results - Small-Scale Tests . . 36

III. Summary of Results - Large-Scale Tests . , 114

DISTRIBUTION . .. . .. . . .. . .. .... 125

vii



LIST OF TPBLES

Table Page

I Dust Concentration, Phillips Drop Zone,
Yuma Proving Grounds, . , .. .. . . . . 15

II Dust Concentration, Vehicle Dust Course,
Yuma Proving Grounds . . .... . . . 16

III Dust Concentration, Lee Drop Zone,
Ft, Benning, Ga. 0. . .. . . . .0 17

IV Maximum Dust Content as a Function
of Location . * . * . * - * . * * * . * , * 22

V Maximum Dust Content Measured With
12,000 CFM Sampler . . . o o . . o . . * . * 21

VI Svnuary of Ft. Benning Runs . . . ... 33

VII Siumary of Vehicle Dust Course Runs . , , . 34

VIII Simmary of Phillips Drop Zone Runs , . . . . 35

ix



INTRODUCTION

Helicopters operating over sandy or dusty soil
have experienced significant reduction in the lifetime of
turbine engines, rotor blades and other exposed components.
Airborne dust generated as a result of rotor blade down-
wash and delivered to these critical components by the
recirculating air pattern around the helicopter is re-
sponsible for this erosion. The dust distribution around
the helicopter is a function of number of rotors, disc
loading, hover height and physical characteristics of the
soil.

Much of the effort to date in defining the charac-
teristics of the recirculating dust cloud has been either
laboratory scale experiments1 or mathematical treatment of

2the dust pattern Some work has been done during actual
hovering over sandy soi13,4 ; however, no comprehensive
study had been made to evaluate dust concentration and part-
icle size as a function of the important parameters. Such
data are needed if realistic specifications are to be estab-
lished for turbine engine air cleaners and other critical
components.

OBJECTIVES OF THE PROGRAM

The objectives of the program were to determine
dust concentration and dust particle size, and to equate
pilot visibility with the dust cloud characteristics. The
initial program included the following considerations:

1. Type of craft
a. Single rotor (H-34)
b. Tandem rotor (H-21)

2. Type of soil
a. Phillips Drop Zone, Yuma Proving

Grounds, Arizona
b. Vehicle Dust Cou.:se, Yuma Proving

Grounds, Arizona
c. Lee Drop Zone, Ft. Benning, Ga.
d. Eglin Air Force Base, Florida
e. Ft. Sill, Oklahoma
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3. Disc icadi g
a. Low
b. P.-'iun
c. High

4. Hover height
a. I foot
b. 10 feet
c. 75 feet

Type of Craft

Because of the severe environment, it was decided
that helicopters powered b- reciprocating engines rather
than turbine engines should be used. An H-21 was selected
as typical of a tandem-rotor craft, and an -7-34 w.as selected
as typical of a single-rotor craft. The maxi=m- disc loZdings
of the H-21 and H-34 are comared below with a tv!.ical-tandenn
rotor and single-rotor turbine Dowered helicopter:

Normal Gross Rotor Disc
Model Weight (Ib) Diameter (ft) Loading (lbsift2)

11-21 13,500 44 4.4
H-47 33,000 59 6.0
H-34 13,000 56 J.3

LUH-l 8,500 44 5.6

An 11-21 was made available but an H-34 could not be procured
for the program; hence, all data in thi. report are based on
the characteristic distribution associated with a tandem-rotor
craft.

Type of Soil

Particle size distribution of soil samples at the
test sites is shoutni in Figure 1. 4i! soil simples were normal-
ized to a maximum of 500 u since particles larger than this
were not recirculated. Phillips Drop Zone, Yuma Proving
Grounds, Arizona, had the most coarse sand; 50% of the sand
was larger than 300 ju. The sand at Lee Drop Zone, Ft.
Benning, qa., was finer than Phillips Dron Zone sand, with
50% of the narticles being larger than 220 p. Tn two in-
stances, the pilot lost all ground reference at 10 feet.
These both occurred at the Vehicle Dust Course.

2
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No analyses were made for particle geometry or
chemical composition. If the program had included an evalu-
ation of erosion of structural materials, then such analyses
would have been required.

Although the original program specified 5 test
sites, only 3 sites were used for testing, due to limited
funding. The particle size characteristics of the soils at
the 3 test sites were sufficiently different for adequate
coverage of the various types of terrain with the data
bracketed by a very coarse and extremely fine sand.

Disc Loading

The weight penalty imposed by the sampling equip-
ment, personnel, necessary fuel, and so on, limited the range
over which disc loading could be varied. Disc loading could
be varied only from 3.5 psf to 4.1 psf or by approximately
15%. The deviation of duplicate runs was larger than this;
hence, no correlation could be made with respect to disc
loading.

Hover Haight

Tests were made at 1, 10 and 75 feet. The 1-foot
and 10-foot elevations represented an in-ground-effect con-
dition, and the 75-foot elevation represented an out-of-
ground-effect condition. Most of the runs were made at 1-
foot and 10-foot elevations. The number of tests made at 75
feet were limited by safety considerations. The 1-foot and
10-foot elevations are typical of many of the missions re-
quired of helicopters.

Wind Condition

In most of the tests, the wind velocity was less
than 4 mph.

APPARATUS

Small samplers (8.6 cfm) located near the fuselage
were used for the initial part of the program. Data from
these tests established the dust distribution in the immediate
vicinity of the helicopter. The latter part of the nrogram
entailed sampling at 12,000 cfm with sampler simulating a
turbine engine inlet. Location of the simulated inlet was

4



selected on the basis of the small-scale sampling results,
with the sampling inlet located in some of the tests at the
area of highest dust loading and in other tests at the area
of lowest dust loading.

Small-Scale Samplers

Figure 2 is a diaqram of the small-scale sampler
locations. Twelve samplers were mounted on the starboard
side and eight samplers were mounted on the port side. Five
samplers were located beneath the forward rotor. The 20
samplers on the fuselage were secured to a framework mounted
on the fuselage, and the 5 samplers beneath the rotor were
secured to a bbom extending through the forward cargo door.
Stress analyses for the framework and boom were made by
Dynasciences Corporation.5 ,6 Figures 3 and 4 are photographs
showing the small-scale sampler installation; Figure 4 also
shows the 12,000-cfm sampler installation.

Each sampling station was fitted with a sampler,
ar inlet nozzle, an on-off solenoid valve, and an adjustable
valve to control flow rate. Cyclone samplers (Aerotek
Industries, Design 1, Stainless steel) were used for collect-
ion of samples. These were 100% efficient for particles 8 A-
diameter and larqer; efficiency decreased to 90% for 3 p-
diameter particles and 50% for 1 A-diameter particles. The
separated dust was collected in polyethylene bottles attached
to the samplers, and the bottles were changed after each test.

The inlet nozzles were sized so that the inlet
velocity of the air stream mat-hed the downwash velocity.
This provided an isokinetic sample at each station.

Figure 5 shows the on-off solenoid valve. Ports
were provided in the side of the valve so that, in the stand-
by position, any dust forced into the inlct nozzle did not
enter the sampler. In each test, the valves were maintained
in a standby position until a stable hover was attained.
The valves were powered with two 12-volt DC batteries and
were activated from on board the helicopter with an on-off
switch.



tarboard

9C

Saplr

C/

We
JV

Figure 2. Small-Scale Samipler Locations
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The 25 samplers were connected through a common
manifold to a blower with a capacity of 400 cfm. The
blower was driven with a 3-HP gasoline engine. In each
test, the gasoline engine was in operation prior to initia-
tion of sampling; sampling was initiated by activating the
valves,

12,000-CFM Sampling System

The inlet for the 12,000-cfm system was made of
12-inch-diameter duct work. The inlet was located at Sample
Station 5 (the area of highest dust loading) for 5 tests
and at Sample Station 1 (the area of lowest dust loading)
for 5 tests. The direction of the inlet was varied in some
of the tests. Suction for the 12,000-cfm samples was
supplied by a large blower powered with a 20-HP gasoline
engine. The dust was collected in 3-foot-diameter x 6-foot-long dust collecting bags which were 100% efficient for I0 ,u-

diameter particles, 70% efficient for 3 p-diameter particles
and 30% efficient for 1 p-diameter particles.

Analysis of Dust

The dust samples were analyzed by the U. S. Army
Waterways Experiment Station (WES), Vicksburg, Mississippi.
Dust collected in the sample bottles in each test was trans-
ferred to small plastic vials and shipped to WES for analysis.
Analyses were made for total particle weight of the dust at
each sampling station and particle size distribution at
selected sampling stations.

Each sample was weighed to the nearest milligram.
Because of the relatively small sample size, a few grams
maximum, the standard hydrometer (sedimentation) analyses
for particle size distribution could not be used. Instead,
the samples were first sieved to remove all particles
larger than 74 u (U. S. Standard Sieve No. 200); particle
gradation measurements were made at the 250 p dnd 500 ,
levels, also. Material smaller than 74 p was subjected to
a gradation analysis using a Coulter Counter at levels of
14.5 p, 18 p, 36 u, 58 , and 74 u. Sample size for the
Coulter Counter analysis was standardized at 0.02 g, and
the sample was dispersed in a 1% NaCl electrolyte. Samples
larger than 0.02 g resulted in complete blockage of the
orifice. Particle size analyses were run on samples from
Sample Stations 1, 5, 6, 17, 22 and 25.

10



TEST PROGRAM

The framework, samplers, boom and blower were in-
stalled on the helicopter at MSAR. Debugging runs were made
to establish that the samoling system was functioning prop-
erly. When it was verified that the system was operating
as intended, the samplers were removed and stored on board
the helicopter. The helicopter was then flown to Yuma Proving
Grounds. The samplers were reinstalled at Yuma and the
sampling system was checked again.Two test sites were used
at Yuma Proving Grounds - Phillips Drop Zone and the Vehicle
Dust Course - and the helicopter operated from Laguna Fieldat the proving ground.

The test sites were plowed to a depth of 6 inches
and then disced. The areas which were treated were 100 to
200 feet square, This area served for 6 runs and then was
plowed and disced again.

Initial tests involved the establishment of an
acceptable sampling time. The requirements selected for
sampling time were:

1. Sampling time must be such that a sufficient-
ly large sample could be collected.

2. Sampling time must not be too long,
since the particle gradation of the
soil could change over the sampling
period.

Tests performed over various time periods ranging from 1 to
8 minutes indicated that a 4-minute sampling time would meet
both of these requirements. Appendix I lists the samples
which were taken during the program.

Approximately Z5 samples were taken at each test
site at Yuma Proving Grounds. This covered a calendar period
of March to May of 1966. During this period, the rotor blades
were replaced three timnes and tht, engine was replaced once.

Severe erosion of the rotor blades was observed
after a few minutes in the dust. In the first few tests,
3 layers of wood on the leading edge were worn away after
20 minutes of hovering in dust. The blades were taped for

11
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all subsequent tests to minimize erosion. In general, the
tape lasted through 3-4 tests (12-16 min), and it was stand-
ard operating procedure to replace the tape at least once
per day.

After the small-scale testing was completed at Yuma
Proving Grounds, the sampling equipment was dismantled and
forwarded to Ft. Benning, Ga. The helicopter was flown to
Davis-Monthan AFB, where metal blades were installed. it
was then ferried to Ft. Benning, Ga., where the samplers were
Seinstalled and testing was initiated.

The leading edges of the rotor blades were covered
with a 1/8-inch-thick polyurethane film manufactured and
installed by the B. F. Goodrich Company. This provided
excellent protection ffr the leading edges. However, the
unprotected tip caps were completely P'-ded through after
25 tests (Figure 6).

Tests at Ft. Benning were made at Lee Drop Zone.
The test area there was also plowed to a depth of 6 inches
and di:'ed. The helicopter operated out of Lawson Field at
Ft. Benning.

After the tests at Ft. Benning, the helicopter was
returned to ISAR and the 12,000-cfm sampling system was in-
stalled. The system was tested and then dismantled, crated,
and shipped to Yuma Provinq (rounds. The equipment was re-
installed at Yuma and the final phase of testing was initiated.
All simulated engine inlet samples were taken at a 1-foot
hover heightl the total weight of the craft was 12,850 pounds.
Eight t~sto were run at Phillips Drop Zone and two were run
at the Vehicle Dust Course.

A typical test procedure for small-scale sampling was
as follows:

1. Install clean sample collection bottles.

2. Set up visual targets, when required.

3. Secure stable hover at desired elevation.

4. Activate sampling equipment.

5. Sample for 4 minutes.

12
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6. Take nhotographs of targets, dust clond,
and so on, -,ien required.

7. Deactivate sazling equi:pent.

C. Terninate hovex.

S. Remove and cav sa"ele bottles.

The dust samples were transferred fron the sample bottles to
plastic sample vials and shipped to WES for analysis. T-e
large-scale runs were performed in the sm fashion; in add-
ition, the dust collection bags were changed after each run.
The notion pictures which were taken have been edited into
a 20-minute film.

.RESULTS AID DISCUSS IO:J

Aeight and particle size analysis for the s=all- I
scale tests are presented in Appendix I. Appendix III lists
the results of the largt-scale tests. The following dis-
cussion of results is presented in terms of either average I
or maximum values.

Small-Scale Tests f
Figure 2 shows the locations of the small-scale

samplers. These included 12 on the starboard side, 8 on the
port side, and 5 beneath the forward rotor blade. Results
obtained with Sampler No. 20 were of questionable value due
to repeated malfunction of the soleniod valve; the results
of Sample Station 20 are not included in the sum:nary.

Tables I,I1 and III list the average and maximum dust

concentration for each sampling station. Figures 7, 8 and 9
show schematically dust distribution around the helicopter
at each sampling site. Distribution near the fuselage and
beneath the forward rotor, starboard side, is based on samnr-
ling data. Distribution at distances beyond 1-1/2 feet from
the fuselage was extrapolated from the sampling data. For
selection of an engine air inlet location, or for prediction
of the amount of dust which must be removed by a filter or
separator, only the distribution near the fuselage need be
considered.

14
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Figure 7. Dust Distribution - Phillips Drop Zone
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=ta represents average
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Figure 9. Dust Distribution - Lee Drop Zone
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The area of lowest dust concentration (0-15 mg/cu ft)
was beneath the rotor hubs. The highest dust concentration
(25+mg/cu ft) was near the area of rotor blade overlap, but
concentration was also high at distances corresponding to
about 1/3 to 2/3 the rotor radius.

Dust concentrations were measured at hover heights
of 1, 10 and 75 feet. Maximum values as a function of
location in the fuselage are shown in Table IV. High don-
centrations were teasured at 1 and 10 feet, while concen-
trations were significantly lower at 75 feet. The highest
concentration at 75 feet was found at the Vehicle Dust
Course; this was attributed to the smaller particle size of
the dust at that site.

Large-Scale Tests

The large-scale (12,000 cfm) sampling inlet was
mounted at the area of highest dust loading (Sample Station
No. 5) for 5 of the tests, and at the area of lowest dust
loading (Sample Station No. 1) for 5 of the tests. At
Sample Station No. 5, the inlet was facing upward for 2 of
the tests and to the side for 3 of the tests. The upward-
facing inlet duplicated the inlet direction for the small-
scale samplers, and the horizontal inlet simulated the inlet
positioning for a turbine engine. At Sample Station No. 1,
the inlet was faced horizontally for 2 tests, and was pointed
down for 3 tnats. Again, the horizontal configuration simu-
lated normal turbine inlet geometry; the downward-facinq
tests were run to see if that configuration would reduce
the quantity of dust ingested.

Table V lists the results of the 12,000 cfm sapless._
The results were slightly higher than those found with the
small-scale samplers, but still in the same range. Direction
of the inlet nozzle appeared to have some influence on the
amount of dust ingested. For example, at Sample Station
No. 1, the maximum concentration determined with the nozzle
in a horizontal position was 4.5 mg/cu ft, while the average
concentration with the nozzle pointing downward was 3.7
mg/cu ft.

Figures 10, 11 and 12 compare the particle dis-
tribution at various elevations with the particle size
distribution of the terrain. The particle size of the re-
circulated dust was smaller than the particle size of the
terrain. At Phillips Drop Zone, 95% of the terrain particles
were larger than 100 u, whereas the recirculated dust showed
63% >100 u at a 1-foot height, 57% >100 ,u at a 10-foot
height, and 27% >100 ,u at a 75-foot height.

21
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TABLE V. MA XIMUM: DUST CONTENT M4EASUPXD
WITH 12,000 CFRI SMPLER (mg/cu ft)

Station N~o. 1 , Station No, 5
Larme* Small Earge; Smal

Avy t'ax Avg Max

405- m -  20.4

2.8 8.5 12.4 27.9
3.7 18.6

*Arrows show direction of air inlet nozzle.

Visibility .10.

The terrain in the immediate vicinity of the heli-
copter (out to at least 20 feet) was visible in all tests.
At 1 and 10 feet hover heights, the horizon was completely
obscured, but at 75 feet the horizon was visible. On two
occasions, at 10 feet hover height, the pilot lost all
ground reference. However, this was not during a stable
hover, but occurred after completion of a test and during
attempts to pull out of the cloud and leave the area. It
became standard operating procedure to set down after tests
at 1 and 10 feet and allow the cloud to dissipate beforetaking off.

An attempt was made to correlate pilot visibility
with dust cloud characteristics. A radiometer was mounted
on board the helicopter to measure light intensity during
the initial runs. This technique was not suitable because
the radiometer sensed both reflected and transmitted light.

For some of the runs, numbered targets were posi-
tioned in front of the helicopter at distances of 50, 75,
100, 125 and 150 feet, and photographic and visual obser-
vations were recorded. The targets were white with black
numerals and were of high contrast compared with the back-
ground of dust and terrain, The targets were visible to
varying degrees. At the Vehicle Dust Course, the target
at 50 feet was intermittently visible. At Lee Drop Zone,
the target at 50 feet was always visible and the target

p 23
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at 150) feet was occasionally visible (Figure 13). Cbjec-ts
of low contrast could not be seen Leyond 10-20 feet.

Vhe dust clor.d was viewed frCt another helicopter
flying overhead, and phctcgzaphs; were taken. Vne cbserva-
tioLns indicated thvat the heli;cpmer was surrounded by a
dense douginut-shaped cloud fFicure 14). Alt~hough the
helicopter was ccrpletely visible from ahwee, it was not
visible tc a viearer standing on the ground outside of the
cloud (Figure 14).

overhead photographs of a UD-lD were =ade, also.
These shoved a cloud of sirilar shape (Figure 15).* However,
the dene part of the cloud was not as far frcr the UD-lD
as it was from the H-21. Visually, it appeared that the
dust concentration near the U-H-ID was hicher than that near
the B-21.

fetof Another Heico te oering N~earby

Two tests were run in swiuich an H-34 hovered about
100 feet from the H-21. This changed the recirculation
pat.ern and increased the dust ccncen-tration around the H-21
by an average factor of about 5. Dust concentrations during
takeof;.f and landing maneuvers increased the average dust
concentration by a fiactor of about 3.

Effect of Takeoff and Landinc

A few runs were made in which the heliccpter
landed, the dust cloud was allowed to clear, an~d then the
helicopter took off. Dust concentrations made during these
maneuvers were higher than the stable hover value-- by a
factor of about 3a.

CONCLUSION'S AND REC01IENDATIONS

The following conclusions were made from this

study: _____

1. The area of lowest dust concentration
is near the rotor hubs (average = 2-4
mg/cu ft at 1 foot hovr height).
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Photograph taken from cockpit

Target 2 - 50 feet
Target 3 - 75 feet
Target 4 -100 feet

1 foot hover height

Figure 13. View of Targets at Lee Drop Zone
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Overhead View of H-21
-at Vehicle Dust Course

MI

Overhead View of H1-21
at Phillips Drop Zone

View From Outside
of Cloud

Figuire 14. Dust Cloud Characteristics
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Figure 15. Overhead View of UH-lD at Phillips Drop Zone
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2. The highest dust concentration is
near the area of rotor blade over-
lap (average - 12-18 mg/cu ft at
1 foot hover height).

3. Takeoff and landing naneuvers in-
crease the dust concentration by a
factor of about 3.

4. Another helicopter operating nearby
increases the concentration by a
factor of about S.

5, Particles greater than 500 p are
not recirculated.

The following recormendations are made:

1. Photographic coverage of a UH-1
and a CII-47 should be made and
compared with existing H-21
photographs.

2. A limited number of samples
should be taken using a UH-1
to establish single-rotor dust
cloud characteristics.

3. A sampler mounted near the
inlet of an operational heli-
copter would provide a firm
basis for a specification for
inlet air cleaners.
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APPENDIX I
SUM2RY OF TEST CONDITIONS
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APP;DIX 11
SUMAn OF RESULTS - S1AJLL-SCALE -'tS

Gradatc-n Test 3eslts
ae o. 1-Y-2

Sa.le it Cotent prcert ?irr t f _ neieh
so. (13/c-j f So i 250 ju -4j 0A 6 ! 4
1 5.8 100. 99.2 58.3

6 8.5 100.4 98.7 62.3

6.6 1100. 98.4 59.0 .

4

$ 13.4 100. 98.0 45.0 29.3 9.6 5.2 4.1
6 17.1 100. 98.8 55.0 40.4 18.2 8.0 5.6

7 8.4 100.C 98.9 59.2
- -----

- - -- f
13 i0.8 100. 99.7 52.S 32.6 10.0 6.5 4.7

ii 9.9 100. 98.8 49.91

12 3.2 100.4 97.4 36.1
L_13 1.4 100.J 95.2 41.81

1 14 6.5 100.€ 98.9 ':3.6 j
is 7.3 100.( 98.0 55.8

7 8.01 -110 0. 98.5 62.1 4602 15.9 7.4 6.5

- _3.8 100.4 98.8 57.6j
19 . 9.5 irn. 98.5 59.ZI
20 4.5 100.d 99.0 54.81

21 1.7 ,100.,t 99.1 49.5 -

22 6.6 100.( 99.4 74.3 59.5 20.0 12.4 9.9
231

24 22.2 100. 98.2 49.7
25 27.4 iO0. 91 53.0 37.8 17.9 9.0 6.9

N No Somple Submitt.d
SSample Too Small For Gradatiot
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Sapl Pvt ceftt - pezceft *.L iqrb - -g

0. ____v f2s_

1 3.5 oo100. 97,8 54.3 .

2 __ _ _ _ gn
, t 3.4 100,o 97 59.6,.. . ..

1 2
3 2.4 100.0 96.0 55.7 V
4 5.2 100.0 99.1 4,83

5.0 100.0 97.3 45,0 28.4 13.1 7.8 5.9

6 3.4 100.0 96.6 50.1 35.8 -8.0 11.0 6.3

5.6 100.0 99.4 53.2
409 100: 99.0 54.2

3.3 00.O 99.0 53.0

C 2.6 100 0 97.8 43.6 22.5 7.4 5.0 4.1
11 1.'5 .. . 00.0 94.8 47.7 I

12Z 0.3 *
13 ; 06 * I

14 1 0 .6 - -

is 1.9 100.q 93.8 30.3

16 .1,3 100.4 q(,.7 69,01

1 17 1.9 100.4 95.2 50.9 32.2 12.8 6.3 5.3
1 . 4 i.00.4O 96.6 61.3

19 3.3 ' 00.O 97.5 56.4

20 1.5 1 00A 97.9 63.4 -. -

21 5.4 100. 99.5 54.2

22 5.1 100.0 99,3 68.7 49. 5 12,G 5.8 4.3

23 2.5 100. 98.0 53.0 ___1

24 3.4 100. 97,2 7 .0-_

25 2.4 100. 98.1 52.1 29. 6.3 5.1S - -,-' ,•

* No Sample Submittrd

° Sample Too Small For Gradation
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Gradatien Test R-esults

scAMOPIO~ ot content Percznt L1ter by 1eight
160. ~ ~ O 1 3gcuft 50 50 74,u1 531A; 365 jali p 14.5 ju

1 _1.2 6. 76.3 11.71
2 I g 8. 81.0 18.31 _

3 3.5 100. 79.2 7.2 1

4 16.8 98. 90.71 18.1 -...

.5 12.8 100. 91.0 13.4 8.6 7.0 1.5 0.8
6 11.3 00. 98 1  18.0 10.0 6.3 2.5 2.1

__5,i 100. 91a.4 25.2

3.9 100.( 88.8 23.2

o 5.6 99.! 79.6 16.2 11.7 9;7 1.7 1.5

11 7.2 99.1 70.8 7.11
12 7.5 99.4 73.0 8.8

13 3.1 98.4 71.0 15.0

14 L ,5 97.5 69.3 11.2

15 1.6 100.( 82.9 17.9

16 2.3 100.( 86.8 21.4 ,,
17 2.3 97. 87.9 25.5 19.8 16.6 6.6 5.4

18 0.9 **

19 3.4 99. 88.C 23.01

20 3.4 100 90,7 30.0

21 8.7 99. 86.4 24.3

22 17.2 99A 96.7 38.9 23.9 12.4 6.8 5.2

23 12.8 99.j 89.3 18.8

24 164 99. 78.8 8.0 _

25 16.5 99. 76.6 11.6 7.2 5.4 2.61 1.7

No Sample Submitted
*' Saxple Too Small For Gradation
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Gradaticn Test Results

Run No._l-v 6

Sample Dust Content Percent Finer ty Weight
0o. (mg/cu it) 50 2O AI 74s Aj 5As 3 6 ,u 1RAx 14. 5

1 0.3 _*

2 0.6

3 0.3 **

4 0.9 *_

5 0.9 **

6 0.9 *-

7 0.3

0,5 **
S9 ----

10 0. **

11 0.3 ** ___

12 0.3 *
13 0.3 *

14 - -

15 0.8 *

16 0.5
1.3

18 0.5

19 1.5 -

20 0.3 **

21 0.3 **

22 0.3 **

23 0.6 **

24 0.9 **

25 0 .9 *_ _ _ _ _ _ -

* No Sample Submitted
' Sample Toc Small For Gradation
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Gradation Teut Results

Run No. 1-Y-7

Sample, Dust Content __ Percent Finer by Weight
NO. (mg/cu f t) 5O -I -S __7_A___ 6 R s145w

______0___250OA 74Az SiL 36AI1 lR ,.' l 4 .5p,

1 0.6 *
2 1.4

3 3.0
4 9.3

_ 9.0 -I0.o 99.1 43.7 32.7 19.7 8.6 7.3

6 6.1 100. O0. 53.8 38.5 22.0 11.2 8.5
7 5.9

1 3.3
3.3

10 2.6 100.00.C 48.5 35.3 14.9 7.9 7.0

11 2.9
12 1.. 5
13 2_0_

14 0.6 *

15 1.6 ,_!

17 2.8 100.C 100 60,7 52.3 38.1 20. 912,9

19 6.5
20 !, 3.0
21 1.4 '
22 .3.1 100.0 100.( 67.4 34.1 27.5 18.8 12.9

23 5.0
24 6-3

25 10.4 100.0 97.1 49.0 31. 23.9 10.1 7.5
* No Sample Sulitted

*' Sample Too Small For Gradation
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Gradation Test Ptesults

Run No. 1-Y-7a

Sample Dust Content Percent Finer bf Weight
No. (mg/cu f t) 50j 2SO , 74. 5 2u 36, A1 10 A 4.s.

1.2
2 2.6

3 3.9
4 14.5
5 14.0 100.0 97.1 44.8 28.0 15.5 12.9 10.4

-- -

6 8.2 100.0 97.1 59.6 43.2,126.12 16.6 13.6

7 7.2

8 4.9
9 3.6

10 4.1 100.0 97. 52.9 3 16 1 12.6 10,8
11 1.'2 **j

12 1.2
13 1.7 _---_

14 0.3 -*

15 1.6I

16 1.3
17 2.5 100.0 96.5 59C6 41.4 18 6 ii.6 10.3
is 1.7

19 7.4 |

20 3.0

21 2.8 - -

22 22.4 100.0 99.4 69.2 51. 27.9 16.6 12.2

23 10.3
24 11.9 -

25 13.,7 100.0 96.3 48.8 36.3 15.6 9.9 7.3
* No Sample Submitted

Sa mple Too Small For Grsdation
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Gradation Test Results

Run No. 1-Y-7b

Sampler Dust Content Percent riner by Weight

No. (I.g/cu ft; 5 250 74 ju 58Al 36.u 1R p 14.5A;

2.3

2 4.0

3 6.5

37,8

5 27.9 99.8 95.9 16.9 11.8 7.7 4.0 2.6

6 18.6 100.0 96.9 25.5 16.9 11.0 5.9 4.4

7 18.1

8 7,7

9

10 4.9 100.0 92.9 17.9 8.0 5.5 3,6 2.1

11 ----

12 4.4

13 6.5

14 3.4

15 3.5-

16 4.3

17 6.7 100.C 90.8 35.2 23.1 9.8 5.9 4.4

18 4.7

19 19.9

20 5.4

21 9.1

22 21.6 100.C 98.6 39.21 29.4 18.0 8.3 5.2

231 20.0 __ ___1.

24 22.2

2 19.0 10o.J 92.0 21.2114.5- 8.61.2 3.9

* No Sample Submitted
Sample Tno Small For Gradation
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Gradation Test Results

Run No. 1-Y-9

Saxple Dust Content Percent Finer by Weight.
fo. (eg/cu ft) 5 2 so00_p 74 58 A, 36, 36 1 A' 14 .4.5jA

____ 1.7

2 4.0 _

3 4.2

13.4

5 18.3 100.0 98.6 24.9 18.8 10.7 5.8 4.3
6 7.3 100.0 98.8 51.5 43.5 24.0 12.0 7.6

7 12.8 J
8 4.7

9 3.9 ,,_,

10 2.3 100.0 100.0 52.1 36.1 16.4 11.0 8.0

11 0.9 **

12 1.2 **

13 5.1 __

14 4.8 _

15 6.7

16 9.7

17 13.6 100.0 98.2 49.8 40.1 22.9 11.8 7.2

18 7.2

19 23.8

20 6,9
21 0.3 **

22 1.1 100.0 100.0 45.7 31.0 15.3 9.9 8.2

23 0.8 **

24 4.3

25 5.9 100.01 95.0 37.5 24.3 6.9 4.7 3.2
* No Sample Submitted

" Sample Tco Small For Gradation
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IJ

Gradation Test Rest-ItsItun No. l-Y-9a

15j 1*46 Dust Content Percent rilner by Weight
No. . .p X)I 500 250 74 u 58,Ai 36 A, IR p 14.5Ai

1 0.6 ** I

2 0.9

Z 0.9 **

4 4.7

5 3.5
6 4.3

5.6
2.2

1,7
Ao 1,2

£ 1 --

12 0.9 **

13 0.9 _*

14 0.9 **
15 1,9

16 2.4

17 3.3

is 0.8 **

19 3.9 _

20 0.9 **

21 0.6 **

22 6.8

23 3.3

24 4.5 _

2 5 I. .

* No SaIple Subvitted

'* Sample Too Small For Gradation
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Gradation Test Results

Run No. 1-Y-11_i

Sample Dust Content Percent Finer by Weight
No. (Mg/cu ft) 500)1 250A 74 A 58 A ' 36 Ai l9 14 .5 X

1 595

2 7.1

3 5.1
.9 - -- -

4 10.8 -

5 7.8 100.0 100.( 64.8 51.7 25.3 12.9 9.5
6 8.2 100.0 100.( 52.0 41.8 20.3 9.5 5.9

1 14.1 ___ 11

8 9.6

9 5.8

10 3.2 100. 100. 64.3 43.2 18.2 10.9 8.5
11 6.4__ - --

12 2.0

13 0.3 **

14 0.9 **

s1 2.4

16 2.4

1.9 100. 95.4 66.2 50.2 20.9 11.2 8.0

20 1.5

21 0.6 **

2_.2 1.7 100.C i00j( 6.3 -44.C 19,:1:82T 5
23 .
_ :4 7.7 . ..

.25 14.3 . 100. 67.8 48.1 20.3 10.5 7 7
* No Sample Submitted
• Sample Too Small For Gradation
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Gradation Test Results

Run No. 1-Y-12

Sample Dust Content Percent riner by Weight
No. (Mg/cu ft) 500 o 250jz 74 p 58u 36 Ai Inju 14.5

1 1. 1 **

2 1.4

1.4 .100.0 97.7 30.3
4 16.

5 12.1 100.0 97.4 24.6 15.5 8.7 5.4 3.5
6 3.9 100.0 96.8 46.4 35.1 22.3 8.1 4.9

19-
8 6.6

9 1.6

10 2.4 100.0 98.9 22,81 148. .11.1 3.3 3.1

11 0.3 --

12 0.1 **

13 4.6

14 11.9 100.0 97.1 36.2

11.6

iC 20.9

17 15.5 1. 100.0 95.7 29.5 18.7 12.4 4.7 4.0
18 2.6

19 21.9

20 2.5

21 0.2 **

22 0.6 **

23 0.6 **

24 1.3 100.0 97.0 25.0 20.6 18.3 6.5 5.0

25 5.9 100.01 96.0 30.4 18.9 14.0 4.5 3.7

* No Sample Submitted
** Sample Too Small For Gradation
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Gradation Test Resltts

Run No. 1-Y-12a

Saarplet Dust Content Percent riner by Weight
__ nL -i 500 250,p 7 58A 36M i 14. 5 p

1 1.**

2 ,, __ __, - __- __ -

1 0.6

,2.4 100.0 1000 43.8 28.8 19.7 8.9 7.7
5 1.6 100.0 100.0 133.4 22.5 12.7 ".5 5.4

S6 0.9 ** ______

7 0.9 **

0.7 **

9 03 **
10 0.5

11 0.1 **

12 0.1 **

13 0.4 **

4 0.5 **

15 09 **

17 1.8 100.0 100.0 55.4 38.8 19.4 13.0 7.0
18 .9 **0.9

19 3j5 100.0 100.0 55.0 40.3 21.8 10.9 7.6
20 1.9

21 0.--**

22 0.9 **

23 5 **

25  2-1 i000 44-83 !5
* No Sample Submitted
• Sample Too Small For cradation
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Gradation Test Results
o 3o. 1-Y-13

p1 Dust Content Percent Tiner by Wejt~
No. (g/Vcu ft) 500 ASOja I74 Au SSA 36, x 18p 14.p

0.3 "
S 0.6 ** 1 1

3 0.6

4 4,1 I 00.€ 93.1 2-;.at

5 2.3 1 10, 96.4 49,4! 30.91 21.1 6.1 4.0

6 1.2 100.( 97.1 6r.8 : 49.4 40.0 12.3 9.1

7 1.6 _00. 98A .58.6

1 1,4 100f 99.t 69,.5 -
___1.7 100. 99._ 9.3

11 0.6 "i

12_ 1.
13 0,3 -""- ' 114 C.3 4 30. 1 .

17 1.4 10. 95. 65 48. 37.1 11.3 8.2

S1. 1. 96. 67.6 56. - 4 12.8 9.2

10 0.

12 - -

i •- --

23 0.3 0.6

24 0.3 I____ _ __

21 0.3 1001 94.L 5 42 36.8113.5 7.9

S vv .: - . Smia1l. For kradstion
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GraJati?1 Test Resutlts

rt No. 1-Y14

Sazuple Dust Content Percent Finer by Weiqh -Io. O/cu Soo Af 25011 7 4 x 50 o 36 .u I *XR 14..'

1 2.6

2 4.8

3 3.9 100 9 38.4

4 13.1
5 14.5 100. 96A 27.7 20.0 13.7 6.5 4A

6 10.1 100. 97.( 43.7 32.6 24.7 7.3
_7 15.3...

8 5.8

9 3.1

10 1.7 100.C 96.i 38.4 28.6 22.7 13.0 10.0

11 3.2

12 2.6

13 2.3 1 -

14 0.9 t

15 3.8
16 3.8 _

17 fiA 100.01 96-5 43-1132.71 3717. 8.!-i
ii 3.3. -

19 11.9
~ 20 , .3 ..

_ _ 2.0 100,0 100.0 493

22 11,4 100.0 9816 45 2 36-. 25-0 11-7 -q-2
23 4.7
22 2.0

25 7.4 100.0 94.6 43.. 3 ' ".'_7

No Sample Submitted
*, Sample Toc mall ror Gradation
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/IM

Gradation Test Reruiti
ftn No. I-Y-15

Sa,,ple Dust Content Percent riner by W...
190. (mg/cu ft) ..- 9. 2504 -7441; 5C,( I - . S

1 0.7 **
2 1.1 .I ** .._

3 1;**

s 2.3 00.0 93.7 34.6 24.5 19.8 9.3 7.4
1.0 , I _____

6 2.1 00.0 95.5 49.0 38.7 22.7 9.2 8.6
7 1.0

8 1.3 00.0 94.6 57.6
9 0.I1 *

10 1.2 100.1 86.2 41.31__ _

11 0.9 I
" 13 0;.6

14, o.8 "| *
15 1.3 _oo.0 90.5 51.8
16 1.2 100.0 94.5 i 61.5

17 1.2 100.01 91.5' 604i 52.0 35.3 18.4 15.6

18 0.4 ** I 1 1

19 1.7 100.0 94.9 53. 5

20 r.6 **

21 0.4 * _.. . ..

22 1.6 100.0 97.2 6?1, 4,2 271 4 11.6

24 ----

25 2.6 1l00.01 94.2 6 9, .1 6,5 10,2 17.5

•No Sample Subxilted
h. Sample Toc Sma1. Fcr Gradation
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I o. -radtion Test Results

Rw o 1-Y-16

Sampleo Dust CO-tent " ercent Finer by Weil.'t "

0.7 .

2 0.8 j*

3.0 ** i
_ 7.4 100.0 23,

__ _ _ 1 0 94 I I 1

5 3.8 100.0 31. 22.-14 19. 4.6 1
6 170.0 94. 390 [31.31 2 S,.1 .

74.6 __ __ _

8 1.2

9 0.4 -*

10 0.6 **

I1 0.4 **

12 0.4 **

13 0.2 *

14 0.6 *

6 1.5 100.0 931 20.9

08 0.4 015

1:; 1.7 100.C 94. 39.3
20 0.4 *

21~22 A .6 . .*"

23 o, .6 **,;

24 3.0 0O0.C 90.2 31 4 23.93 10.51]11.6 10.1

25 30 IooC 89.21 39 .4630.61 -1.51 97 8.0
•No Sample SuL.-itted
• Sample 7T:o Small For Gradation
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Gradation test Results
R=No. 1-Y-17

Sampl* I Dust Conta. t Pere-.. rirer b W Weight

..... !heI~ oA 7A ! . ...... ____
1 0.7
2 0.9 io.5 ------ - -

2,4 100.0 87.4 29.6 29.5117.9 12.6 -to

1.f 100.0 85.5: 21. 0
6 0.9,r . ,I .... I=. -..7l 1.3

13 0.7 -03

144 _-71.3 _ 10. 8 . 21.___
23 0.3 - -*_14 0 40 ** .0

2s .5 10. -81 9 33.0 !30 1 5, ' "-.711 . 15. 5.

No --mpl-- Subm-t-ed

5 2f

13 0.3 1 -

I 1I I...
- -- 1-------
14 0,75 ** t
,1! J.5 100.0 81.9l33.0 30.8 15.3 !57 4.6
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Gradatior T-3-- -esults

S&D Ost Cc rt 'Percent riner
-4 Se A,& 36.8itZ1.

. . .... .- .. --I----- - - .

1 T0.9

2 1.3-. -

3 1.4 100.0 9707 
-50,1-

2.04
S 4.4 100.0 92.9 353 29.3 20.2 8.2 7.0

32 100.0195.3 45.3.35.6 24.5 10.7 8.5
7 5.0

-~ -1 - -

10 0__ .6"". .
0.63

12 0.3 __

1 .3 2 ** --

i6 1.0 **

LI7 0.4 **

__Is0.2 ** ([-

1.4 100.0 80.91 17. -

20 0.3 **

22 _ _ _9i

23 " 1 **

24 2. _ 00.0 93,8 20.925 ,,0.5 9 *

*No sample submitted
*Savle Too Small For Grhiat,on
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Gradation Test Results

Run Io. l--19

Dust Co.--' Per-nt Finer hfWegh
nuo.t ____ 1 0. - 27.4 b.2 58,A136yAi _,8 4.8l

14.31

2o 9.7 9. 253. 992. . .
19.6 H
323,9 4.8.6 46.3 _998 91.8 35.9 31.3 19.3 8.2 5.6

7 20.5 -- -

10 36.7 99.7 92. 34. 29. 20.5 7.5 5.8

.28.1

12 1 . __

13 14.4

14 17.4 --

Is 38.3 __

16 29.3__ __ _ _

is 19.2 _ _

19 1 38.1
20 . . ..- !.. .

21 21.4 100.0 92.8 45.9
22 35.2 99.4 94.0 44.6 40.2 30,2 12.7 8.4

23 26.7

24 27.8 _

5 ; 1 56.3 9. , 90.91 29.21 24.61 16.21 5.2 4.5

* No Sample Submitted

*' Sample Too Small For Gradation
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4- -

Gradation Test Results

Run No. 1-Y-20

Saorple Dust Content "ercent riner y Weight
No.. (Mg/cu ft) 500_ p 25lu 74 u 58 A3 36 As IR As 14.5

1 33.8 1
2 51. -

37,1 _

66.5 _ __

63,9 100.0 92.2 23.9 14.1 8.6 6.8 6.1

6 62.5 99.8 92.8 16.7 14. 11.3 4.7 2.5

50.0 _

- -33.8. _

9 14.5

10 24.7 100.0 91.2 19.1 13.1 5.4 3.3 2.3
I 20.0
12 13.4 "

16 14. -

17 22.6 99.8 93.8 36.9 24., 8.5 3,5 2.2

_ _J

18 13.3 ______

21 14.2 ___ _

7 22.6 299 91.6 36.4 26. 12.4 3.8 2 2
20 15.9_
24 48 9 t____ go .

25 45.8 99 90.8 29.4120.2i 11., 6.1 4.8

* No Samp'e Submitted

a 5 aipc 1oo Small For Gradation
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Cradation Test Results

Rus No. 1-Y-109a

Safpls Dust Content Percent Finer .y weight

1o. (/cu ft) 50 U 250 4 ' 58 36* III 14. 5 U

- , ,, ___ -, 6. l~ 45

1 67
2 -99 EE --

10.7T

5 27.6 00.0 94.5 18.1 16.3 12.3 4.2 3.1
25.0 100.0 96.4 11.4 10.5 7.4 3.2 2.1

i ? 16.6

8 19.0

12.9

10 10.8 99.8 93.0 33.0 27.0 20.5 7.1 5.1
Jil1 8.4- ---

12 3.3
13 2.8

I , 3.7

15 7,5-
1 6 4 -2

17 8.9 100.0 96.9 40.2 32.4 21.7 7.8 6.7

19 5.0
20 5.4

21 11.3

22 8.8 100.0 96.81 6.0.9 50.3 32.9 16.5 1 9.,
2J 16.0

S24 20.4 . .2S4 20.4 100.0 94.4L39.9 32.8 22.5 10.0 7.7

"o S8ale Submitted
6, Saple Too Sall For Gradation
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Gradation Test Reuvilts

Run No. IY 3

Sa:r.ule Dust eontent Percent finer by Wright -

No. (M/Zu ft) so" 250,i 74' 58 Ax 36Ai 1,, p 14.5,A

2 016 *

1WO7 -2-

8 2.3

0.9 - - - -

210 1.5 00 ..92.0 64.0 49.1 39.0 17.0 I
12 0.2
313 0.

9 L- 2... --

17 1.8 00.0 100.0 2.6 62.2 43. .1 14.7
1- 0.48- -" -

, -,- -- - -..

9 **

20 - -n -

2L L... .9..Q ~...A 0. , 3 .1.0 ja

11 0.4

12 0.2 *_

15 2.0
16 1.4 --.

17 16 100.0 100.0 61.6 50840..5 13.1 1!.

18 0.8 **

19 0.9 **- - -

20 .... --

21 0.1 ** - - -

22 0,9g **
230.6 **' ' - '-

241 1.0 **
25 0.7 ** , ,,,_

,,,- .J - ,, -_

* No Sample Sobvitted
4 Sample Too Small For Gradation
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Gradatic'C. Test We=its
sb=- No. -- 1

Swela D=cat Cntemt r erc .er weigh

0. ' 1i -- _------ __

2 7 r t 4--------
73.9 _

5 8.6 00.0 31 39.9 33., J 2 6. 8 1 9 .3 . 1. S9
5.5 00.0 99.5I 40.6 33.1 Z2 6.9

7 3.7- r___3.4- ----B -* ______ J
1.7 i90.0 100.0: 44.7 36.9 J31.2 0.5 3_2__
o., _- __--- --- - ___t____ i

11 0.9 --4__
12 1.2 -11
13 2.3 __....

14 1.5
__ 4 __ ,t~

i7 3.5 1O.0 93.0 52.7 41.7 30.8 13.6 10.0
18 0.6 _____ _

19 3.1
20 2.7 100.0 98.9 33.4 27,I 15.0, 8.8 6.8

21 0.1 * ___ I

22 11 0.5 * ___ _ _ _-

231 0.1

24 2.6 100.0 94.21 24.511 6.3 4.8

25 0.8 *

No Sample Subpitted
" Sample Too Small For Gradation
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Grzdstm Test zIs
I-P-117

saumg.eJ ZDzt cctet Pv?-et virwr by uelgbt __

( A/e o ft) W F -4 p 59 I~b 6 A *0.4!

2. 10 . 3, 90317 2 . 1 ! .

1 j. 97.7 93.1 46. 37.8 0.2 M123 8-,5
7 0.9

8 0.6 --

0.9*

11 0.8

12 1.0 " .
i3 2.0 100.0 __72, 17.2113.7 11.7 5.6 1 .4

1 1.47

15 2.4 100.0 88.4 29.1 23.3 17.b 9.4 7.1

1.7 10. .!8 48. 4 28.4 __.9 11.4

221.0
230.3

124 1 .9 100.o 87.- 23.1 1.9 16.3 9.9 7.9

D Sample Submitted
* Sample To, Sma.1 For Gradation
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G.-'=cf'- est tee-tz

sump !Xnt ,clt2m Picer~tF1iWrbf *eight-

2.1 9.7 99.2 66.6 -

3.5 95.7 92.0 64.7

4 ... __L... 09. __

9.8 99.6 97.9 43.6 34.9 22.5 10.8 8.8

S 5.3 100.0 9. 67.2 60.5 33.7 17.3 12.8
7 5.1 100,0 993 71.2.

- 3A9 98,9 97,8 ,z.2 -.-

1.4 100.0 99.4 59.3

10 3.5 100.0 98.3 64.9 52.5 34.8 20.3 14.6

11 1.8 100. 0 97.3 77.9

12 015 *

13 1.4 98 ', 94.9 64.6

14 3.2 o100.0 96_. 66.31-

| .5 3.5 100 0 943- 53,5 - -

7 4,2 92 94.3 64.0 53.3 1(1,6 18.3 11.6
:s 1.6 98.4 960 64.9

6, .6. 10o0.0 98.8 61.8

20 2,0 100.0 98.5 39.1

21 2,6 100.0 99.3 65.1
22 . 0jO 98v7 685 559 40.8 18.1 13.6

23 1.0 _ -- !
24 1.3 96.7 7.3 40.8
25 1.4 98.6. 96..9.75.7 34. .812.9

N Mo Sample Submitted
* Sample Too Small For GrAdation
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Grzdotir- Test. Results

Mo. 2-Y-2

Dust Conent Percent Finer bei t
no. !0g/cu ft) Soo ,  74 5 zJ 36 __ 1_ U 14.

1 4.1 j0.0 99.7 50.8

2 9.4 00.0 99.7 50.5

10.0 00.0 99.5 58.2,
4 28.8 99.8 29.4 .51.9

5 24.5 100.0 99.8 42.7 36.6 23.4 0.2 7.6

6 3.5 100.0 99.4 60.1 53.7 33.5 16.4 11.6

13.1 100.0 99.8 58,2

a 8.9 100.0 99.8 63.0

9 3.8 100,0 97.2 38.0

10 4,8 100.0, -YR 5283 35.8 2Li1 0
zz 5.#. 100.0 9671

13 6.4 100.0 98.7 63.3

14 4.7 99.4 98.2 65.1 -.-..

15 9.1 100.0 98.6 52.8

16 2.8 1000 99.1 54.9

1'7 11.4 100 0 99 3 58.1, 51. - 5 . 17 .1 11.7 1

18 5.3 100.0 99.5 68.1

19 21.3 100.0 97.8 40.9

20 5.7 100.0 99.5 52.9

21 4.5 100.0 lt0,0 54.9

22 18.5 1100.0 99.9 20,1 26.4 18.6 9.1 5.8

23 5.1 100.0 99.5 66.31

24 3.8 100..0 97.8 22.2 1

25 6.2 iooo! 99.6 58.6 49.o 31.4 16.0 7.6

* No Eample Submitted
** Sabmle Too Small For Gradation
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"- 1> .. .-- ... .':t -

II

~Grdation~ Test Results

Rtmn Wo. 2-Y-3

ISample Ost"Citezt Perccnt" Fiier by Weight" ....

2. 
!

-- - I--

3.1 L0.0 100.0 85.5 {
3 3.6 100.0 98.4 8-1.9

4 5.8 100.0 98.8 69.2
5 12.8 99.1 98.2 60.4 49.8 28.9 14.9 11.0
6 9.8 100.0 99.4 66.8 60.4 41.6 20.0 13.2
7 5.9 99.5 98.4 81.1

8 4.9 99.7 97.9 52.4

9 ---- 100.0 100.0 85.4

10 00.0 98.1 78.5174.0 58.3 27.6 20.2

11 5.9 - -

12 4.9

13 4.1 9100.0.99.0 77.8
14 3.4 100.0 99.2 75.9

15 2.8 10U.0 99.5 76.2

16 1.3 100.0 99.2 69.9

17 5.3 100.0 98.6 56.0 69.9 43.5 25.0 16.5

is 1.9 100.0 99.3 82.1

19 5.9 100.0 99.6 72..8

20 3.3 100.0 98.8 75.3
21 3.2 *

22 5.4 i00.0 100.0 81.9 78.5 60.4 33.91 21.0

23 2.5 100.0 1100.0 80.01 -

24 2.6 **

25 1 1.0 100.0 99.2 73.61 69.1 44.4 18.2 6.3

* No Sample Submitted
* Sample Too Small For Gradation

62



Gradation Test Results

Run No. 2-Y-4

Sample Dust Content Percent Finer bf Weight

NW. (Mg/cuft 5 7 4 u 5gb 36a 1414 5

L i3.8...

2 77I 8.9 0 00.0 37.4

4 16.6

5 19.7 100.0 99.3 45.8 37.1 23.0 L2.0 8.0'
18.6 100.0 99.6 25.3 22.1 16.5 8.3 5.3

7 
_.03 5.9

9 1.9

10 8.2 100.0 99.4 30.2 20.3 10.3 5.9 445

11 6.4 
J5

12 4.9

13 5.1

14 4.7

15 5.4

16 2.7

A17 _7.5 00.0 100.0 35.5 28.( 14.2 7.5 5.3
i8 4.6

19 11.8
20 6.0

21 4.9 100.0 100.0 52.6

22 9t6 1000 100.0 43.1 36.1 24,0 14.9 9.6

23 6,1

24 8j5

25 9.9 100.0 9.1 39.8
* No Sample Submitted
Sample Too Small For Gradation
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I

Gradation Test Results

Run No. 2-Y-5

Sample i Duet Content Percent Finer by Weight____ OM 6.5~ R 1. 5140. (39/01 ft) Spp 2Oj 4 5 i 3 s I

2 12.5

3 19.1 -- 99,6 25-94 lo ll

12 
7.4.

13 - - -.-0

S23.6 L00.0 99.3 14 0 10 .8 5 8 3 .0 2 2

1 15.1 900.0 98.9 39,2 32.3 219.3 0.4. 6.47 L_ , 
,

s 11.0

10 7.9 100.0 100.0 55.8 44.6 31.1 18.7 13.7

1 1 9 .0 

.. 
.i. 

. .

12 7.4 ..

13 7 7,

14 6.5
ts 12.3

16 
4,9

17 1 5 1 9 9 .7 ] 9 7 .9 3 6 .9 3 2 .3 2 1 .2 9 .8 6 . 5

is 6,0

19 16.2

20 9.1 1
21 6.0 0020 ,A8,6 4A3,2

22 8.5 _00.9 00.0 68.8 59.7 42, 20.3 13.8

23 7.7

24 12.8
25 12 7 O0O 96,. 355 14.0 , 4,0
No Sample Submitted

' Sample Too Small For Gradation
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Gradation Test Reutt

Run No. 2-Y-6

Sample Dust Content Percent riner b Weight

N. (mg/cu ft) Soo 74 As0 58a AA _I 36 14.5 A

1 0.6

1 .8 1 0 0 .0 9 9 , 2 5 2 . 1 .

3.3 00.0 97. 32.5 28.9 20.8 12.7 8.2

6 9.4 00.0 100. 47.0 40.8 30.8 15.2 10.8

7 5.3

8 9.0

101 1.5 00.0 99.! 27.5 25.8 ,9.8 12.9 8.9

II

12 0o.6
i "33 a, 1

16 3

17 1L.8 L10.0 99.( 20.4 17.7 11.3 7.5 5.0

19 3.6

20 2.7

21 0 2 100.0 100.0 4 3 .2

22 2.2 100.0 99.5 57.6 51.4 36.5 21.4 14.2

24 0.6 - 1 1- -

25oo 3.8 J00.01928.5 23.8.2 .12.1 8 _

• No Sample SubpItted
* Sample Too Smvll For Gradation
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Gradation Test Results

Run No. 2-Y-7

Samplei Dust Content Percent Finer b Weighto. (mg/cu ft) 5 Po 250,u I 74,a 58 A 36,u 11t 4.5 u

S 0.3 ** ___

2 0.6 ** __I
3 2.7

4 2.9

5 7v9 100.0 100.0 30.8 26.8 15.5 8.1 4.9
6 4.6 100.0 100.0 13.0 11.0 669 3.7 2.5

7 4.0

8 3.7

9 3.3

10 2.8 100.0 100.0 34.8 28.2 L15.1 6.5 1.4

12 1.2

i3 1.4 -

14 1.4 I

15 2.3

16 2.4

17 4.5 100.01100.0 20.0 19.0 12.0 7.8 5.1

Ir 2.6

19 6.0

20 2.3

21 3.1

22 7.0 100.0 100.0 29.2 27.4 19.9 13.8 9.4

23 1.9

24 4.0

25 2 0 100.01100.0{ 72.0 60.4 39.7117.4 111.1
N No Sample Subiitted

** Sample Too Small For Gradation
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Gradation Test Results

Run No. 2-Y-8

SaDpleu Dust Content Percent Finer by Weigh -

(mg/cu ft) 500 250 Ai 74u 58 A 36A 1R A 14.5i

1 0.2 **
2 0,62 0.6 ** - __

0.9 **
1.1+ **

5 5.5 100.0 100.C 60.7 46.8 23.7 13.1 8.6
6 i.1 **

7 1.5 100.0 100.( 77.1 61.6 23.4 13.0 9.9

8 2.0

9 1.4

10 2.0 100.01 00.( 79,7 58.7 33.4 18.1 10.4
11 12

12 0.6 **

13 1.1

14 1.4 100.0 100.( 65.4

15s 109 ...

16 1.0 **

17 2,3 100.0 100. 73.2 57.6 38.1 20.4 10.5

18 1. 1
19 2.8 - -

20 1.2

21 1.0 **

22 3.0 100.0 100. 51.0 46.E 37.2 18.3 10.8

23 120 - **

24 [ i 100.0 100. 53.71___ __

25 I i.,i ** ______ ___-- -

No Sample Submitted
' Sample Too !mall For Gradation
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Gradation Test Results

Rur No. 2-Y-9

SOmplei Dust Content Percqnt Finer by Weight
No* (tug/cu ft) 500 ju 25jX 74 Ai 58 A 36Al JR M 14. 5

0._.

2 0.7
- I
0. *

4 0.9 *J

4.2 00.0 100.( 72.9 59.5 35.1 16.5 10.1

6 2.4 00.0 100.( 90.0 88.7 75.3 52.7 34,0
S 0.8 **

* 0.6 **

10 1.0 100.0 .100.( 80.0 73.9 53,0 33.3 19.4

11 0.4 * -

12 0.2 **
13 0 *

14 0.4 *-
15 1.1
16 3-

17 1.2 100.0 100. 92.9 86.4 58.5 30.3 15.8

15 0.6 --

20 0*

21 0.3
22 23 100.0 100.( 86.1 80, 56.2 36.2 22

23 i.

24 1.7 100.0 100. 89.5 80. 53.6 30.1 19.4
25 0.9 1 **I I I -

* No Sample Submittei

" Sample Too Small Far Gradation
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Gradation Test Results

Run No. 2-Y10

Sample Dust Content Percent Finer b weight -

No. (Mg/cu ft) 500P 250u 74 a 58Ai 36 a 18 14.5,1

* * ~1 0.8 *-- -- -

2 3.1 _ _

3.6 -

4 9.0

.5 11.1 96.9 96.8 60,0 49.0 32.6 20-2 1 -113
6 7,5 100.0 98.8 58.4 51.5 36.5 26.317-

7 4.9
8 3.3

9 2.1
10 3-2 i100.0 .97.2- 76.7 69,4 52,7 3 9 -7132

11 4.2

12 5-0

13 6.5

14 5.5

15 4.8
16 . .,7...
17 47 100.0 98.3 67.8 64.6 51.0 - 38.0 25.5

18 3.0

19 3.7

20 1.6

21 4.9
22 13.6 100.0 99.2 69.2 62.4 43.9 31j3 !-1 2J6
23 6.9
24 7.0 .- 

--25 7.1 7 72 100.0 95.4 53.41 46.0 29.4 17.2 9.8

* No Sample Submitted

' Sam~ple Too sal! ?or Gradation
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Grzdatlen Test P* e:-Is
RM N.-. 2-Y-ii

No. (M/cu ft) S ,p ,, 7 4 p 56 ,j 36 a IS, 14.5
1 3.9 __ I

2 6 . -I

3 6.0

4 6.0 _

5 8.5 11000 1100.0 68.92 55 . - -iA. 1.7 I
6 8.8 -I0-0 I 3.6 28.19B. -gi2._ 7_

6.0

4.2
9 i,

10 5.6 100.0 100.0 78.8 71.4 49.0 29.0 19.1
11 7.9

12 5.6!1 5, .7
14 5.4 _

is 6.3 _

16 1.5

17 6.9 100.0 100.0 78.1 67.C 41.9 27.01 17.3
18 1.8

19 5.8

20 4.8

21 6.0
22 6.0 100.0 !00.0 87.81 80.; 54.4 31.3 18.0

S23 6,9 _
24 13.0 _
25 1. 1oo.10.0 75.61 62.1 34.5 21.4 15.2

-.- _ . *@4

No Sanple Submitted
' Sample Too Small For Gradation I
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Grdatin Test es*uts

#=o. 2-Y-12

SIWPl4 Mt Cctent Percent L-jer by Weight
500,p__ 250,p 74__ __ 58_A 36 A I*A T 1 4.5

1 4.0 |

£ 5.9
3 6.5
'6 6.7

+o *:5.9::~ IOJ 20.9

15 .9 k 0 0 . 0  0.0 _0__ 175-2_ '8.o
6 7.0 100.0 100.0 53.415_1.7 42.9 9.7 140
7 8.8

a 7-7

9 5.3
10 7.8 100.0 100.01 50.6 48.41 39.5 20.6j 14.3

11 7.5

13 .5 4.

14 4.0

15 5.4

16 2.8

1, 5.3 100.0 100,01 53.2 53.8 39.3 22.5 15.2
z I -2- -0-

1 2 .0

21 3.7
22 8.3 100.0 100.0 43.442.5 35-8 20.-1 14.

23 10.8

24 14.01 i5
25 , 16.8 100.0 ,100.0 57.5 54.6 42.5 21.8 a5:.2

No Sample Submitted

SSample Too Small For Gradation
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Gradation Test Results

Ran No. 2-Y-13

Splep Dast Content Percent Finer b weight
No. (mg/cu fQ 500 j' 21)ji 74h j 58 Ai 36. x u 14.5

S10.8 !

2 1

3 13.9

4 13.1

s 16.4 100.0 100.0 62.2 57.7 39.0 25.4 15.1

6 14.9 100.0 100.0 39.9 38.6 27.3 15.0 10.4

7 16.6

8 13.3

10 10.8 100.0 100.0 67.9 62.4 43.2 26.3 9.9

11 "7719.

12 5.7 - -

13 8.9

14 7.5

Is 10.3

16 6.6

17 8.9 100.0 100.0 28.2125.8 17.3 9.2 5-1

is 4.6

It 9.6 - -

20 7.1 -

21 12.7

22 22.1 100.0 99.9 52.0 49.5 35.3 21.5 13.2

23 14.2

24 24,4

25 16.9 100.0 100.0 52.7149.3 31.5 17.0 11.0

* No Sample Siubmittad
* Sample Too Small For Gradation

72



Gradation Test Results

Run No. 2-Y-14

Sampleo Dust Content Percent iner by Weight -

No. (mg/cu f t) -500 252o, 7 4 p s0 Ai 36 At 1R U 5A4.s

1 6.7

2 9.6

3 8.7 - - - -.-

4 10.8

5 14.2 100.0 100.0 70.9 62"L 32-2 -251 -17._
14.4 100.0 100.0 75.0 69.4 47.5 29.9 20.2

7 14.1

8 9.6
9 5.9

10 11.0 100.0 100.0 43.4 39.8 24.2 14,8 9.5

11 900

12 5.9

13 7.2

14 8.3 - - - -.-

is 11.3

16 5.8

17 10.3 1q 0 100 78_9-72-6 49_7 2

18 4.3

19 8.7

20 5.7

21 8.6

22 15.5 100.0 1 00 0 41.7 39.1 2.7 .9I0

23 11.7 --

24 19.1

25 20.2 100.0 100.0 49.1 34.4 26.4 11.7 7.6
* No Sample Submitted
* Sample Too Small For Gradation
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1

Gradation Test Results

kun No. 2-Y-15

Sample Dust Content Percent Finer b Wei4ht
No. (mg/cu ft)50 250 2,L 5 .2. 2L iR A 4.5

1 11.2

2 13.4

3 12.7

4 17.8 -

5 23.4 100.0 98.7 50.5 45.0 29.9 19.7 122
6 15.3 0- 0 99.6 54.8 s - 34.7 32 .., I --

7 15.0 -

8 6.0

4.8

10 6.7 -

11 8.3

12 6.7

13 12.3 100.0 99.6 44.7 40.7 2.L 18.4 12.3

14 8.3

15 6.5

16 4.9

17 5.6 100.0 100.0 32.7 29.7 18.3 10.8 7.3
is 5.0
19 6.3

20 5.4
21 13.7
22 19.2 00.0 100.0 63.8 57.5 41.7 26.3 17.0

23 13.4

24 19.6 -

25 15.9 00.0 97.21 38.027.7 14.7 8.2 5.4
* No Sample Submitted

** Sample Too Small For Gradation
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Gradation Test Results

Run No. 2-Y-16

Sample Dust Content Percent Finer by Weiqht
No. (mg/cu ft) l.5 250 ,x 74 a 58 A 36 A-l 1 l %'-.
1 8.2

2 20.3,20. _____ ___

3 27.0-

4 39.6

5 44.
5 4. oo100.0 98.f 45.2 32.. .4 12.6 .. _.L

6 41.5 100.0 99.2 51.2 3.8,6 29,5 19.91 9.Q

7 34.1

8 20.1 
-

9 12.2

10 23.3 100.0 97.2 45.5 41.9 26,5 17.0 10.4
11 20.7

12 14.0

13 9.9

14 10.5 ___ __

15 16.2

16 5.4

17 18.6 100.0 99.3 66.2 57.9 38.5 24.3 1.
is 11.4

19 26.2

20 17.6

21 16.7

22 32.4 100.0 99.3 45.8 44.4 36.0 174. 12.1
23 15.8

24 43.0

25 38.6 100.0 99.31 55.4 48.5 34.0 20.9 i3..

• No Sample Submitted
• Samp.e Too Small For Gradation
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Gradation Test Results

Run No. 2-Y-17

Sample Dust Content Parcent Finer by Weight
No. (mg/cu ft) -0 oU 250 74 5 J A 36 u JR a 14.5

1 3.2

32 4.6
3

5.8

S 1208 100.0 98.2 40.4 35.2 23 2 14.1 -8.,7
6 8.0 100.0 98.1 52.7 50.0 42.6 27.9 19.5

1 7 5.1
5.0

2.2

10 4,0 100.0 100d 56Q. 45.2 16.6 13.0
11 2.5
12 1,,7

13 3,7

14 4.0

15 6.4

16 i -*

17 .5 100.0 97.5 51.1 44.9 26.5 15,3 10.8

19 6.0

20 2.7

21 4.0
22 6.2 100.0 100.0 75.6 72.7 52,5 33.2 19.0

23 3,4

24 4.3

I25 5.8 100.0 99.01 46.7 40.2 24.9 13.0 7.9

No Sample Sutbmitted
* Sample Too Small For Gradation
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Gradatinn Test Results
" Run o. 2-Y-18

Savplee Dust Content Percent Finer by height

No m/c t 50i 2 ,2 .. . . -.A~ .....
__

1 0 **

2 0.5 **

3 0.9 **

4 0.2

5 3.5 100.0 95.8 44. 35.5 256
6 0.8 **

7 0.3 **

8 0.6 **

9 0.1- 
-

10 0,4 
- --

0**

12 0.3 **

21 0.3

12 0.3 **
15 0.5

16 1.4 100.0 1I0o.0 5 4 7%21 8.7A i n
17 0-8 *
18 0.3 *

19 0.9 **

20 0.3 *

21 0.3 *

22 0.6 *

-23 - 1.3 1l 00.0 100.0 54.4 2f_,4 12,1 ri8 .7 6.9

24 0.7 **
25 0,7 *

* No Sample Submitted
6 Saixple Too Small For Gradation

'7



Gradation Test Results

Run No. 2-Y-19

Samqple i Dust Content Percent Finer by WeightNo. (mg/cu ft) -- 58 A 36 _ _1 _ 14 5 Ai

1 0.3 **

2 0.3 **

3 1.2

4 0.4

5 7.6 100.0 100.0 42.1 31.9 14.2 11.2 7.6

6 1.5 100.0 100.0 62.5 51.2 32.8 21.5 12.6

7 0.7 **

8 0.5
? 0.4 **

10 0.9 **

11 0.4 . .
12 0,5 ..

13 0.3**

14 0.3 **

15 --

16 0.**

17 1.4 100.0 100.0 80.9 75.2 48.0 33.0 20.7
18 0.5 *

19 0,5 **

20 0.3 **

21 1.7

22 5.3 100.0 100.0 61,6 57.6 34.2 21.1 14.4

23 1.8

24 4.6 _

25 I 1.5 100.0 1100.01 77.8158.41 27.2 16.41 10.3.

* No Sample Submitted
* Sample Too Small For Gradation
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Gradation Test Results

Run No. 2-Y-20

Spsqrlei Dust Content Percent Finer by Weight
No. (rag/cu ft) 500 ;1 250. 74A _58 Ai 36.a m R~ 1A .'.5 p

2 2.6
2 -5.4

3 8.3

4 6.3

5 28.6 100.0 99.9 53.1 39.9 16.7 11.6 7.5

6 12.8 100.0 99.8 71.6 55.5 37.1 21,3 13.8

7 8,9 ....
8 8 1 0 .... ......

9 3.1

10 8.5 100.0 100,0 62.0 57.0 35.3 21.7 12.9
11 6.2
12 5.8
13 5.7

14 4.1

15 5.3

16 3.0

17 7.5 100.0 100.0 81.5 71.4 43.0 24.4 15.1

18 2.5

19 6.2

20 5.0__ _ __ __ _ _

21 2.8

22 2.8 1.01i00.0 8L.9 73.5 37.5 19.6 11.3

23 2,0

24 13_0

25 7.7 100.0 IIoo.o 73.0 58.9 29.5 17.0 9.7
* No Sample Submitted

* Sample Too Small For Gradation

79



Gradation Test Results

Run No. 2-Y-21

Samnplet Dust Cont nt Percent Finer b Weight.-
No. (Mg/cu ft) 500 o 25op 74 58 Ai 36 u i ;I.-j

1 9.4

2 15.3

16.3
4 12.5

5 33.6 100.0 99.3 53.5 47.4 34.3 17.6 12.1
6 26.8 100.0 99.7 62.9 58.9 44.0 24,4 15.5

7 16.3

8 8.3

9 0.6 **

10 10.8 100.0 97.7 74.0 67.0 40.0 19.2 10.3

11 10.4

12 8.2

13 7.4

14 6.0

15 8.3

16 -19..9.8-

17 11.5 100.0 99.3 77.7 68.9 39.0 22.8 13.8

18 2.6

19 11.6
S24 7,.8

21 9.8

22 18,0 100.0 99.9 77.9 71.3 44.2 26.7 14.8

24 25.3f I __

25 14.3 1 99.6 98.6. 69.9 58.2 26.2 14.8 9.0

* No Saxle Submitted
I, Sample Too Small For Gradation
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Gradation Test Results

Run Wo. 2-Y-22

Sample Dust Content Percent Finer b, Weight
No. (lg/CU ft) 500 ) 250 'As 58A j 36 1Ri 14.S_

1 1.2

2 _

4 2.5 110. 1.,

5 10.5 1100.0 00.0 47.1 35.9 24.1 14.9 10.9
6 5.1 100.0 100.0 .50.0 44.0 26.8 13.8 7.8

7 3.1

8 1.9

9 1.4

10 2.1 100.0 0.0 71.5 10.0 37.8 20.0 12
11 2e4 1 _

12 1.1 -

13 3.5

14 3.1

is 1.6

16 0.9 **

17 1.7 100.0 100.0 63.7 47.7 25.6 12.8 9.4

19 1.7

20 1.3

21 2.8

22 3.1 100.0 100.0 77.9 70.9 45.5 27.1 17.7

23 1.5

24 32 - -_

25 2 .9 100.0 197.91 66.4151.71 29.01 15.3 11.2
No Sample Submitted

* Saimpl Too Small For Gradation

81
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Gredati- "st Mesu1ts

kun No. 2-Y-23

Sapl Dstcot~tPercent Finer _____-
No. t~;;4-- ft V --j 4 53 4 4  Wj 45p

1 i 1.8

12 5-1 
_

3 3.6

4_2.9 100.0 1OC.0 88.9181.7 54.5 32.2 _9_

S - 100.0 1000 90.4 85.91 -80 37.2 21.4

3,9_ _ I _

6 3.

9 3.9 I
8 4.0|

10 3.2 100.0 100.0 88.6 83.1 49.3 30.1 20.9
11 2.1_

12 1.3 _ _ _ __ _

2.3 I _

14 2,0 f
15 3.5 _

16 1.5

17 2.4 100.0 100.0 87.5 1. 8 44.8 25.6 14.2

18 0.5__ __ _ _

19 0.9
20 1.5 

-

21 3.4

22 8,6 100.0 99.4 73.2 68.1 42.0 24.2 14.4

23 1.i 1

24 5.9_25 3.6 j100.0 100.0 83.4 73.81 42.61 21.0 12.51

* No Simple Submitted
' Samp,. Too .%mall For Gradation
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Gre aticr Test Wezmits

no. ,_2-Y-71

smpi t Centent Percent riner br Weight_ _

to. (gc " 500 p 29p74,p 58 b 36a q ~ I*p14.v

; .4

2 9.9

3 13.9 ___

4 8.2 _

21.9 100.0 100.0 47.8 44.0 26.7 17.4 12
19.5 100.0 100.0 33.1 31.8 19.8 13.2 9.0

7 10.7

8 8.9 it
9 0.3

12.8 100.0 100.0 36.4 34.4 25.6 17.4 12.6

! 14.3i

14! 7.2

15 6.11, i_2.7____

17 13.8 100.0 99.8 40.6 39.0 25.81 16.6 10.9
2.8 1

19 13.1 f_
20 C )

21

'2 10. 5 100.01100.01 72.7 68.2 46.9 27.3 16.0

2 3.1
S24 17.6

. 'O0.o1zoo.oi 55.2 48.7 27.4 17.2 9.9

a No Sample Submitted

Sample Too Small For Gradation
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Gradation Test Results
Run mo. 2-Y-25

Sampla Dust content -Percent ner , weigh
.o. (,./cu ft) S 0 ' u ' 2 5',. 74 Al 36,A 1" x 14.5

0,7 **
S 5.5

3 3.3
4 3.3

S 8.7 i000. 100.0 50.6 44.7 28.4 16.7 11.0

6 5.5 100.0 100.0 42.7138.9 22.7 17.0 11.0
7 1.9 1
* ,j 2.5 

--

10 3.8 100.0 100.0 54.7, 45.31 36.3 22.0 16.7

ii 2.6

12 5.4

13 2.3

14 1.7

15 6.2

16 1.1

17 5.6 100.0 100.0 75.2 70.0 51.2 29.3 19.3
is 0.9 **

19 4.9

20 3.9

21 2.9

22 4.5 100.0 100.0 74.3 67.2 43.6 28.8 18.5

23 0.7 **

24 7.1
25 4.6 100.0 i00.0 65.4 56.6 37.9 19.8 14.3

No Sample Submitted
SSample Too Small For Gradation
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Gradation Test Results

Run No. 2-Y-26

Sample Dust Conte.t Percent 1riner b weiaht
No. (rag/-cu f t) 50 250 74A-8A 3 l A 45A

1.2
2 5.3(

3 5.C-

4 5.9
5 ii.i 1 i00.0 100,-.0 60.2155.7 " 39,5 26.1 17 .3

6 8.8 100.0 100.0 46.244.1 34,6 19.5 13.0

'7 6.3

a 5.1

9 --

10 5,5 100.0 100.0 57.7 54.0 37.9 25.2 17.1
11 2.4

,---

12 1.2

13 5.7

14 6.5

15 9.4

16 6.5

17 11.9 100.0 100.0 63.0 5729 38.1 _.L4 162.
18 0.5

19 3.5

S20 7.0

21 4.9
22 2.1 100.0 100.0 65.4 59.5. 45.2 27.7 18.1

23 0.7 .-..-
24 6.0

25 3.8 i00.0O- 100.0 73.4-67.71 45.8 26.9 17.0
No Sample Submitted

* Sample Too Small For Gradation
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*1r

Gradation Test Results

Run No. B-I

Sample Dust Content Percent Finer be Weight
No. (mg/cU ft) 500M 250p7 j 58 At1 36 As 1R J 14.5.1.

0.70 I .

2 4.26

3 9.20

2.38

s 20.0 100.0 92 .51 17.4 1. 6 .3 3.2 1.7

10O1 100.0 94.0 33.3 25,7 15.7 7.9 3.7

e 6.35
3 ,.,28

0 3.43 i00.01 93.2 33.4 22.8 10.6 4.0 2-Z.2 1
11 4.59 ...--..
12 • 2;n lfi

13 10.8

14 6.31

15 17.2

16 2.12

17 13.9 100.0 88.3 19.3 16.0 10.9 6.3 3.3
18 3.02

19 6.78 , -

20 --

21 3,27

22 10.8 99f8 99.0 18.7 17.0 12. A.6 5-2

23 5.22

24 10.9 ._

6,0,L 99.1 94.71 25.9 19.11 7.8 1.8 0.3

Nn Saipe SubmittedSample T o 9ml For Gradation
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Gradation Test Results.

Run No. B-2

Samples Dust Content Percent Finer by Weight
No. (mg/cu ft) 500 o 250_p 74Az 58 36. .0 Al U 4 5 A3

2.91
2 0 . 8 0 .. .. -

3 095

4 _087

5 2.09 97.2 29.2 4.7 361. 20-1 7-6 4-.7
6 1.55 100.0 96.0 59.3 50.9 24.5 8.5 3.8
7 1.31

8 0.93

9 0625 ---..-

10 1.42 1Q000 95.5 45.5 36.2 17.7 7.8 4,7

1 1 0 . 0 3 -... . . . .-.-

12 0.29 ,,

13 1.19

14 00517,

15 0.99

16 0.51 **

17 100 , 44,2 26.8 10.7 44 3.0
18 1.07 ** _.

19 2.08 100.0 97.0 47.0 34.9 14.6 4.7 3.6

20 --

21 0006

22 0.62 *
23 990.44

24 0.82

25 1.78 100.01 98.3142.9 28.1 9.4 4.2 3.3

No Sample Submitted
Sample Too Small For GrLdation
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Gradation Test Results

Run wo4 B~-3 _____

SaMple Dust Content Percent Finer bf weigni __•NO. (g/c i ft) 0 - -a 374 A 2'14.5
- 25. z .. . .'..i L ±.

1 0.84

3 2d a-5- -

4 2.00

5 4.71 l 00.
0  96.3 33.8 26.3 18.0 10.5 4.4

6 3-299 1 0 0J9 41,8 36.6 22. 4 10. 1 4.6

2.22
e 1.84

10 2 .5, 98,8 96.4 57.9 50.4 32.0 19.5 7,5
11 3.49_ .

12 1,80
13 2.53

14 1.28
15 2-69 _

16 1.40

L2- - - -

1x7 3,78 00 98.5 46.6 38a4J 26.-15.7 9-9

1 2.61
19 4-76

20,.

21 1,65
22 **;_-I 100.0 98.8 51,2 43.3 25.7 15.2i 7.9
2: 1.22_

24 3.78
5 . 100.01 99.11 49.1' 35.1 14.61 6.4 3.9

' No Sample Stbmitted
* Smple Too Sma11 For Gradation
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Gradation Test Results

Run No. B-4

Sample Dust Content Percent Finer by Weight
It. (rrg/cu ft) 59 P25 ~~74iF 58 A 36u At 0 M 14.5A j____________ ---.-.-

6.28

2~ 10.4

3 15. 3

19.7

" 28.5 99.9 94.0 14.6 11.5 8.3 5. .1
6 21-0 100.0 93.1 18.4 i5.6 i0.9 7.5 4--
7 23-R- , - - -
8 ...12...L...
9 10.6

10 10.8 11000 99.8 2.IIL 2I1A JLL 1. 1i 7.1

11 15.4

-2 8.41
13 5.23

11 3.36

15 3.63
,,i --

16 3.59 -.-

17 5-02 99j, 965 35.9 33.4 27.0 21.00 14a

18 -4.09 _---

19 2-06 . . .

20 .03

21 -

22 24.2 100.0, 97.4 27.2 26.2 1. 155 9.

23 25.2 . --

24 26.4

25 -42.4 100.0 90.4 12.6 10.3 6.2 3.8 2.3

* No Sample Submitted
* Samp1 Too Small For Gradation
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Gradation Test Results

Run No. B-5

Sample i Dust Content Percent Finer bf Weight
No. (mg/cu ft) 5_ 250X 743 6  

_ In A

S 7.85

2 12.9

3 9.85

4 8.17

5 16.5 100.0 92.6 12.9 ii1* 8.9 5.3 31.
6 13.5 100.0 8S.2 12.9 8.7 5,3 3.3 3 .7

11.2
' 7.86

9 4,69
1o 3.84 100.0 77.9 7.7 46 1-7 I-Q_

11 6.40

12 2.64
13 3.41

14 2.61

15 2.72

16 1.83
17 3.06 100.0 85.8 18.9 15-1 2.2 1.7 1-Q

19 1.15

19 2.95

20 --

21 4.00
22 3.15 00.0 87.9 32.7 27.8 19.5 1.8- 6.0
23 3983

24i 8.58

2 9.73 oo.0 d3.4 8.I 4.31 1.8 1.3 0.7
* No Sample Submitted

* Sample Too Small For Gradation

90



Gradation Test Results

Run No. B-6

Sample Dust Content F-ercent Finer b Weight

o. (mg/cu f) 500 250 .p .79Ai 36A I P . 4U

12.2 1
2 21.8

3 21.5

4 1§.9

5 ,40-6 100.0 94.6 10.3 8.0 5.0 2.7 1.6

6 33.9 a0'0. .7 4-9 _

7 35.9

8 22.9

9 20.4

10 16.3 99.9 85.4 9.6 7.9 4.8 2.6 1.5

11 26.7 -- -- --

12 8.26

13 4.74

14 _2 _ 3

15 4.44
16 4.17

17 6.14 100.0 90.0 26.j 24.o 142 6.3 2.6

18 3.08
19 R - - - -

20 __-

21 10.1

22 12.4 100.0 90.3 30.8 27.6 207 13.3 __

23 6.22
24 29.4 111
75s 33.0 100,01 86.2 1 .9 1 5.2 5,2 3 _ - 2.

*No Sample Subvitted, I **Sample Too Small For Gradeti[on
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Gradation Test Results

Run jl, B-7

Sample Dust Content Percent Piner Lf weight ....
0o. 1(mg/cu ft) 10 ) 250 ja 74 Ax 58At 36Ai18-
-i• _ I - - - -•.

20.5
2 27.3

3 23.7

4 i23.5

s 3 6, . 100.0 94.9 14.6 11.8 .0 .9 2.7
6 11.6 100.0 93.2 17.8 15.0 10.7 7.1 4.338.7

• i 19.1

13.5
-- - -ii -: -..-10 11,5 _100.01 89.3 16.4 15.1 11.0 6.8 4,0

11 18.6 
-

12 6.61 
- -- 

-

13 4.29

14 3.62
i5 4.22

16 - -,14

17 6% 100.0 91.6 35.2 33.4 29.0 21.3 12.6
1-l. 70...

is 7 34

21 , - - - -"- ---

22 . i8 i004 93.7 4. 37.3 29.7 19.8 11.2
23 16.9- - - - -

24 1-26 5..-

25 27,5 100.0 91.3 14.7 12.7 8.5 500 3.1

N Mo Sample Submitted
* w 8le Too Small For Gradation
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Gradation Test Results

Run No. B-8

Sample Dust Content Pf'C tnt Finer be Weight
No. (mg/cu ft) 500 250, '3 i 1 Ai 14.5

2 5.57 5. 1

3 37-50 .

4i 8.69

5 12.2 100.0 97.9 47.8 44.1 36.0 2. I.2
6 12.3 100.0 99.6 59.8 57.5 45.4 41.3 .;

7 10.6

8 7.03

9 3.89

10 5.55 100.0 97.9 66.4 63.7 51.9 35.9 25.9
11 8.52

12 5.78

13 5-43

14 5.06

15 11.2

16 8.25

17 14.2 i000 97.855 522 40i 21.Q 17-
is 7.69

19 14.3

20 --

21 1.96

22 4.03 100.0 95.7 51.1 44.1 23.3 7.8 4,0
2 3 4,.56

24 9,35
25s 4.82 _ i100,0 199J4 50.41421o5 .2.4121 11.l0l 5.8
M o SIe Submitted, ,,

*Sample Too Small For Gradation
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Graz-'atien Test Resuz-s

Sample Dust Contert Percent Ftinr bv Weib___
no. (Mg/cU ft) 50 S 4 A 3 Ix -X - 1i.5 x

1 .261
2 1.11 1 ___ ___ ___

3 .65 .,

4 1.05

5 2.64 100.0 91.3 35.3 32.4 28.71 15.5 a.5
6 1.62 1000 96,1 62.8 158.7 45.7 2371153

7 . .
8 1.10

9 .19

10 1.19 97.5 92.4 56.6 51.1 34.1 18.6 10.2

11 1.13
12 4

13 4.80
14 1.14 _

16 1.05
17 2-94 100.0 89.5 48.2 44.2 33.6 20.2 12.1

18 3.71

19 2.83

20 .0-

21 -51

22 497 100.0 100.0 87.3 86.0 73,8 50.7 29.2
23 1.3923.10 I_

1.55 96.0 40. 131.2 19.8

No Sample Submitted
" Sample Too Small For Gradation
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sample 0 Dt coreo Pecet Ti.Jer ____ _____

Mn (Asfcz f~ U, 25 Iu 74P - ;3 A *0 1.

1.17 .. I
1 -60_

3 1.3 100.0 97.670.8 59.5 39.9 21.0 1.4

4 23""
5 2.03 100.0 95.6 20.615.: 8.0 3.8 , 2.3

6 1.49 100.01 95.7 36.1 33,9 27.5 18.11 10.0
7 50 *

.80 1_
9 -29 -

9 **

11 __

12 .55 **
13 .85 *

14 ..77 * ]

IE.,,54 
_*

17 .80 *

18 .19 **

19 .80 **

R 20 .C6

21 .31 **

22 .34

23 .25

24 .85 **
1 2 i .48 - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

No Sample SubvittedI Saple Toc Small For Gradation
I9

I

I.



Gradation Test Sesults

waa NO. B-11

samplep Dust content Percent riner 'f Weight
X0. (us/cc ft)_ 25 - -4 -a - -t 6A A 45A

1 .17
2w

i.16

3 .92-JI
.35

s 4.65 100.0 94.4 18.9 14,11 8.2 3.5 2-1

_28.023.5 . 1.23 62 10

8 1,84
-80 ,

10 zJ 1009.2!2_ 24-1 10.0 4 1 2.8
11 1_7- --7-

12 f -

13 _71 .

14 .3 , -

. 1 6 5 6
17 T.33 100.0 82.6 30.4 23.9 14.8 5.7 3-0

Is .25
19 1,13

-0 --- - ---
21 .03
22 14_i L00.0 98,0 73.5 67.1 50.6 26.5 ii,7
23 .80

24 4-63

25 3.39 00.0 93.7 16.01io.0 4.7_ 2.3 1.5
So $41e Submitted -

Sample Too Small For Gradation
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I

Gradation Test Results

Run No. B-12

Sample Dust Content Percent iner by 'Weight

5 2.59 100.0 98.9 52.4 4,6.0 33.9 __0__ JnjJ
6 3.60 10g_0 992 42 7 38.8 29l1 18 P 1.B

2

13 1.562 ___

4 2.17

1 2.56 100.0 98.9 57.4 4.6 33.3 20.3 11

19 2.68

0 3.20

12 1.28

13 1.56

14 1.08

1.5 1.83
1 6 1 .3 2 -- -.

17 2.56 1 00.0 98.9 57.4 52.6 39.3 23.0 11.5
1 ]8 1.40
19 2.68

2o .27
21 1.45 •
22 4.97 100.0 99.5 83.3 79.8 68.5 43.3 27.9

23 2.64

24 4191
L 5 2.77 100.01 99.01 38.61 33.41 26.81 15.81 _12,1

*No Sample Submitted
* Sample Too Small For Gradation
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Vl

Gradation Test Results

Run No. B-13

Sample Dust Content Percent Finer by Weiht
No. (g/cu ft) poo 2SOj 74i SSAz 36A1 1R X 14.5Ai

7 1.32 __2I
2 2.12

3 2.60

4 3.52

5 5.4 100.0 99.2 41.3 36.6 29.8 15.1 11.3
6 6.1 I00.0 199.0 50.9 45.6 37.5 22.7 13.3

4.23

9 2.79

19 3.05 _00.0 99,1 59.9 58.3 45.9 29.5 17.9
11 3.31
12 2.09

13 2.31

A 1.45

15 1.65

16 2.65

17 4.25 100.0 97.7 59.3 54.9 43.4 31.8 20.5

is 2.46

19 4.07

20 .15

21 1.98 _22 7.38 100.0 99.9 72.4 68.4 57.1 37.6 24.3

23 4.57
24 5.30

25 3.42 100.0 97.8 35.7 28. 19.5 11.1 7.7

No Sample Submitted
Sample Too Small For Gradation
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Gradation Test Results

Run No. 13-14

Sampleo Dust Content Percent Finer by Weight
No. (mg/cu ft) 0 2501u 74z 58 Ai 36 Ai IR m 14MIS.

1.19 -

2 1.68 
.,

1.70 
[__

2.18 _ - -

5 2.85 100.0 98.0 17,8 11.4 7,5 4.7 3.3 

6 2.50 160.0 97.6 22.0 15.8 9.1 4.6 3.3

7 3.59

8 2.97

9 2.97

10 1.45 100.0 96.0 18.5 14.0 9.5 5.7 3.9

11 1.40

12 0.73

.13 1.28 __

14 .82

15 1208

16 .72

17 1.69 100.0 96.7 32.3 25.4 17.0 9.0 6.2

18 .96

19 1,78

20 .09

21 0.31

22 .31 **

23 1.64 100.0 96.5 28.1 25.2 22.9 11.8 7.8

24 2.47

25 1.84 1oo.o 96-a 14.9 12.-, 11.5 5.9 4.6

SNo Sample Submitted

' Sample Too Small For Gradation
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Gradation Test Results

itu No. B-16

Samplei Dust Content Percent Finer by Weight
No. (mg/cu ft) S--0- 250 74 58 U 36x IR 14.5A

1 1.67

2 3.21
3 -6-

4 6.69.. ... ..
s 12.9 100.01 97.31 21-0 18..8 15-3 B-2 S.R

6 8.08 100.0 97.0 29.7 28.3i 23.3 17.9 8.5

7 7.12 - - - --

_ _5.71

3.53

10 3.29 100.0 96.2 329 .30.9 27.2 16.6 10.4
11 4.42

12 3 ---23.-.

13 222

14 1,14
15 2.26
16 1.56 ..-.

17 2.80 100.0 96.0 18.0 14.3 10.8 6.4 3.3- - -- ,

It 3.05 .... - - -

19 7.77

20 --

21 __At_52

22 22.7 100.0 98.8 34.3 33.3 31.6 19.1 10.2

23 16.0 .-

24 15.6

25 3.21 100.0 93.5 10.41 7.7 7.1 4.0 2.5

" No Sample Submitted* Sample Too Small For Gradation
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a

Gradation Test Results

Run No. B-17

Samplea Dust Content Percent Finer by Weight
No. (Cm9/;u Soo U~ 7 745 A 58 Ai3 s RA 14.5 i

1 3.04

2 4.98

3 7.15 4 - -

4 9.6

s 15.8 i0.0 97.2 24.5 212 14.9 8-5
6 i0.5 100.0 96.8j 35.6 -22,2 -15,-L"
7 .8
8 7 4

9 5.55

10 7.0 99.8 92.3 33.3 31.3 29.5 16.9 12,9

11 7.6 -.. ..

12 4.07
13 4 .09" - --

14 2.81 ..------
is 3.47,.

16 4-.6 
..

f; -,S 10 g9,a-4 4,6 396_J. 2

19 9 5 . ..
20 -27
21 W - - - -

22 12.7 100.0 97.1 45.9 44.3 39.0 25.6 16.8

23 9.4

24 11.8 -

25 6.85 100.0 92.21 15.31 12.5 10.7 6.3 4.5

* No Sample Submitted

SaI& Tob Small For Gradation

10.



Gradation Test Results

Run No. 13-18

Sample Dust Content Percent Finer by Weight -

NO. (,,g/cu f t) 50_i 250p 74a1 58 36,A lR p 14 .5.

1 6.08,,

2 7.30

3 6.82

4 6.69

5 115.4 100.0 96.6 31.3 29. 7 26.3 13.8 9.0

26 14. 100.0 96.8 39.2 36.5 28.3 14.8 9.7

to 7p 99.3 94.8 42.36 .9 37.4 20.1 13.2

12 3 .9 0 ....

13 2.36 __ _

14 2.41

15 6.67

16 4.76

17 6.86 99.6 95.9 53.2 50.A 46.1 30.7 19.0
18 3.79

19 6.84

20 _L.3 0...

21 9.32

22 7 ]f 100.0 97.3 51.5 48.C 42.1 26.2 18.3

23 13.6 _

24 17.5 _

.93 loo.o 95.31 20.9. 18.d 12.0 6.9 4.8

No Sample Submitted
" Sample Too Fmall For Gradation
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Gradation Test Results

Run No. B-19

Sample Dust Content Percent Finer b Weight
No. (mg/cu ft) 50 2 50 ,x74 Ai I58 Ax 36 A' 14A j114.5p

1 4.16

2 7.47

3 8.98

4 13.4

5 26.0 100.0 98.9 37.0 33,4 24.2 12,5 8.2
6 22.9 100.0 98.7 1 46.7 42.7 33.7 19f2 12,5

7 19.6

8 13.4

9 9.56

10 12.2 100.0 97.1 51.3 46.4 35.2 17.9 12.2

11 12-0

12 8.05
13 4.86

14 5.71

15 7.50

16 6.10
17 11.4 100.0 97 1 56.4 52.6 47-2 31-4 21, 7

18 7.39

19 12.5

20 0.12

21 9.26 _

22 11.9 100.0 97.4 63.7 58.5 47.3 21.5 16.3

23 21.7

24 29.6

25 6.84 100.0 9 56 22.8 19.7 18.6 11.2 7.2

* No Samnle Submitted
** Sample Io Small For Gradation
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Gradation Test Results
itun wo. B-20

Sample Pust Content Percent Finer by Weigh -No. (mg/cu ft) ~o J1 250 74 A 58A 36' U 1 14.5;u

1.42
2 2.81 1

3 2.47

4 .2.32
§ .92 100.0 94.8 :1,.- n "i, 1,1'. 0,.8 4-9- 3-0

6 n 100.0 92.8 21.5 16.4 8.9 36 2.8

7 4.22

3.98

1.94

10 4.33 100.0 92.41 3.5 32.3 23.9 10.4 6.9

11 5.46
12 2.00 

- -.-

13 2.02. .

14 1.23

is 2.18 -

1 6 1 i 5 9 ....

11 2.75 100.0 90.5 36A 89 14.1 7.2

19 2.38

20 4.11

21 2.53

22 3..41 100.0 100.0 61 .9 5-2.3i ,350 J1.5 7

23 3.36

24 8.21

25 6.70 100.0 90.61 24.2 15.0 11.7 7.0 5.3

No Sample Submitted
'* Sample Too Small For Gradation
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Gradation Test Results
Run No. L.-21

Sam|,le Ilust Content Percent Finer by Weight
fio. (mw/cu ft) 5 250 74 x 58 A) 36 a 1 R u 1 4 .5i

1 3.20

2 5.74

3 6.9b

4 7.18
5 18.0 96.4 19.5 15A 6 .2 S 20.5 .

6 14.4 100.0 97.2 29.9 24.2 16.9 10.3 6.2
7 12.3 ___ I

6.65
9 3.11

10 5.52 98.9 94.6 47.0 43,7 33.2 24.0 13.8
1i 7.30

12 4.71
13 9.74

14 4.40

15 9.70

16 5.30

17 10.3 100.0 91.8 21.8 18.8 13.7 7.1 4.4
18 4 45

19 10.5 _

20 11.0

21 6.53

22 6.28 100.0 98.6 42.1 37.0 22.4 10.9 4,7

23 7.83

24 12.2 _

25 2.98 100.0 90.8 19.4 10.41 6.8 4.0 2.7
* No Sample Submitted

* Sample I'oo small For Gradation
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II
(;radatirn Test Results

Run No. B-22

Sample Dust Content Percent Firer by Weight
,,o. (v.- ft) s0oj 250 74 5. t, 36 Al RA, " 4.5.m

16,3

2 4.55_i

5 5.83 I I
4 6.28 _ _

18.1 Ig,0.0 95.5 21.8 15.9 1 $.1 4-6 2-3

6 ,.. 99.8 96.6 31.5 22.6 j 14.3 8.3 6.3
"7 13.8,

---- ,

S 24.2 ___

-1 .30 100.0 93.1 41.7 39.2 30,9 { 23.4 1 6 . L

11 7,36.,

12 -__ _

J ~~13 1___ A___ ____ ___

I I14 5,94

.~1i 10.0

16 6.26 100.0 93.1 22.8 18.3 15.5 11.7 6.9

17 11.4 _

8 5.58 
-

15 12.8 _ _ -

20 7.4421. 7.30 ]

22 7. '/ ]100.0 97.4 28.9 22.1 10.1 I 4,P 2.9

23 zl.! v_ _ _ _ _ _ _ _ __ _ _

24 10.8

25 2.(,- 1200.0 88.4 5.2 2.9 1.0 0.5 0.,4

* No S.. ple Submitted
' Sample Ton SFrall or G(rod "on
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RZ W. --- 22a

Sample 'umzt cc .'e-ttt Fi:e! 5:
4.46 _-_

J.~~ 9.6211__1 9.24 100.01 905 1 - 8 4.,'# 2.21, 19.2 -i I__-_ 2

6 7.07 o LT±oJ 21.].7 9.8 51 3,0

7 8.75 , ! ]

90 4.,11 
__ _

_ _4.56 t100.0I 82.71 18.6 13.4 8.7 63 2. 9

13 5. 43.
3 ~ .__ _7_ ____

15 3.74 _ _

1: 3.01

17 4.42 i00.0 93.5 46.1 38.9 34.9 24.6 15.7
1 8 1.98

19 5.30 _

20 2.89 1
21 9.59

22 VO.O 10001 94.1 25.5 16.7 9.0 5.6 3.9

23 10.31 T -24 11.42

1 25 2.83 . 0 91.5 7.5 3.4 2.6 1 2 1,5

No Sample Submitted
Sample Toe" -mall ,or (,raIation
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j asplcr Dust Coteflt Percent Finer W- 1eight

1 .78 __ ___

2 2.09__ ____

3 2.7. ,,,

4 4.23 1 ....
5 2,62 100,0 96.1! 21.91 16.6 11.9 5-8__4.5

4.1 99.6 85.6 19.61 16.5 12.5 7.3 4.8
7 4.78

s 3.45 
_

9 3.26

10 3.23 99.5 35.6 24.0 21.7 17.9 10.0 6.4

I 5.33

12 2-86

13 0.98

14 0.88 |

15 1.60 1
16 1.13

17 1.18 100.0 96.4 45.8 41.8 37.0 le.4 14.2

le 0.81

19 2.54

20 1.20

21 5.08

22 4.69 100.0 96.3 40.3 36.2 25 0 13.3 8.4
23 6.94

24 28 0

25 2.30 o1.0 I ,8 26.0118. 13.2 1 4

• No Sample Submitted
* Sample Too Smali For Giradation

i0



Grodati-r. Test Rezu] ts

Run No. -- 2 4

Sap !e Dust Content Percent Finer by Weight
Ito. (wM./cU ft 500 250p 7 4p 58 ju 36 Ai 1~A s 14.5s

i 1 1.69 - I - - -

2 4.26 ___

3 6.10 _ _

4 7.27
5 10.5 100.0 95.8 41,6 36.6 J3.Q.5 iJ-4 11-6

S11 3 100.0 93.7 45.2 42.4 35.9 20.4 14-.
7 7.41 _

a 7.64 , 
-

8 8.40 100.0 93.0 42.8 40.7 35.7 25.2 17.8

11 6.45 -- I_
12 4.62 ,.,

13  5.94 -- _

1.45
15 2.90

16__ 3.74 60 li~

17 3.53 100.0 96.8 46.041.1 32. 6 18.0 12.4

18 4.40
19 6.88- ....

20 4.73 _____

21 5.51 _ - - -

22 7.87 100.0 96.4 53.9 51.0 40.9 -2.3 14.2

23 14.2

24f 16.6 100.0 95.9 46.0 43.1 34.9 23.31 14.8

25 0.39 _

No Sample Submitted
• Sample Too Smal For Grndatior
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Gradaticn Test Results

Pun No. 1-25

tsaple !)ust Content Percent rifler by Weight
tc. ( /e cu I o50 1; ju 25. 0 p 74 ,c 5 8 A 3 36 u I . 1 14.5 .-

1 1.28

2 2.84 ....

3 2.08

4 2.44

5 2.92 100.0 97.9 61.8 57.1 49.2 32.2 22.9
6 3.57 100.0 99.1 70.2 65.1 58.4 29.3 21.4

7 6.91

8 3.60

2.69 1_
10 3.46 100.0 98.2 78.0 72.9 66.9 46.6 33.1

11 2.50

12 1.16
13 0.62 _

"4 0.28

15 6.7.8

16 1.08 

3.36 100.0 98.3 88.1 86.7 79.6 57.8 40.7

18 0.80

19 1.01

20 0.60

21 1.68

22 1.45 100.0 98.0 71.5 64.P 50.0 26.7 37.6

23 2.5 _

24 3.4i6f____ ___

25 1.58 1 nO P4.91 . 4 6.3 5.9 3.9 2.6

No Sample Submittcd -

* Sample Too Fmall for (;radi;tion

1i01



(;ri €lativ~n Trtrst IRsults

Run No. '

S3 mple Dust Content Percent Finer by Weight,,o ,j/cx,. ft, 500 250 _7 4 Ai 58 ,j 36 x )A , 1..,

2.64

2 1.39

3 2.41

4 1.63
5 3.52 100.0 94.1 50.9 46. AQ.7 26-_1 20-0

6 3.4 1 0.0 94.7 58.4 55.5 45.8 2 .5 16.9

7 4.41
8 3.25

9 1.39

3.2 i00.0991 69,9 66.3 52.9 33.1 19-4

11 3.43 _

12 I -1-
13 UO. 6 2

14 0.11 1
1 1.37

1 6 1 ...b

07. 1.39 100.0 97.9 79.1 59.8 54.9 25.2 9.5

18 0.93 i00.0 98.1 90.6 8.1 63.4 34.1 1.2
19 1.76

20 1.13
21 0. 40 I

22 0.37 _

23 0 .8F3
24 3 iu 1____.....__ _2___ . ....._ 1 2___ _____ __- ___ " --
25 .U2 ILO Q f6 4 1_ __ 2 _1 4 _

1o Sample Submitted,Sample Too SCmall tor (;raoati,)n



Grodatirn Test Results

Run No. B-30

Sarplei Dust Content Percent Finer by Weight
No. (Mg/cu ft.) s00 250Al VAi 5 Ai1 36 u IR v 14.5 A

1 1.48

2 1.44
3 1.33
4 1.71
5 3. 4 8 00L 97.31 482 45.1 _377 - _U -c)

6 2180 100.0 98(9 61.0 57,8 49.6 29.8 15.7
7 2 87
8  4.42

9 1.05

10 2.26 100.0 98.7 42.7 36.7 27.5 13.0 9.2

11 2.09

12 2.32 1-
!13 1.13-

14 0.91

15 3,09 _

16 2.23 _

17 4.16 I00.0 97.9 45.1 38.0 29.2 15.0 7.7

18 1.73

19 3.33 100.0 95.5 35.5 30.7 25.0 10.1 7.4

20 0.56

21 0_.___9

22 0.99

23 0.22

24 0.36

~25 1.54 100.0 962 3,262 20- 4 If710- 7
No Sample Submitted
Sample Too Small For Gradation
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Gradation Test RpsultsRun No. B-31

Saupie Dust Content Percent Finer by Weiht
1o. (mg/cu ft) 500 p 250 u 4 j 58 A 36 U 1R I) 1 4 .5 A3

1 0.69

2 0.85

4 2.12

5 .148 R00.0 93.6 51.0 47. 39.2 184 12.6

6 2J*4 98.7 94.8 5781 53. 4 .2 24.31A.27 i1 6 -
Io

9 1.02
10 1.68 98.2 -76. 55.4 46,8 30-7 1 9

11 0.90
-0.2-9

13 0.56

14 0.36

15 1.93 i00.0 90.3 50.0 47. 41.7 21.2 15.3
16 0.67

17 1.16 97.4 82.0 41.0 36. 26.8 13.1 11.2

AS 0.27

19 0.98
20 0.59

21 0.22
22 0.99

23 1.05
24 1.70 100.0 98.3 49.1 45.4 36.2 16.7 10J.2
2 5 ] 0 . 4 1* * I"

MO Sampie Submitted
Sample Too Small For Gradation
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APPENDIX III
SUMMARY OF RESULTS - LARGE-SCALE TESTS

Gradation Test ResultsRun No. !-Y-!-!2,000

Sample Dust Content Percent Finer by weight
No. (mg/cu ft) 509 ) 250 p 74 Ai 58Ai 36 x 1R M 14.5 Ai

1 5.2
2 11.6
3 17.2

4 5.5

5 20.4 98.4 93.8 40.6 29. 12.1 6.0 3.7

6 18.9 97.1 93.4 51.4 48. 7 -7 32.6 28.1

7 19.4 _

8 16.2

9 12.5 -

10 19.8 99.9 97.2 51.1 40.3 13.4 7.8 4.7

11 16.5

12 9:,2 _

13 12.5

14 14.9

10.5

16 7.1

17 18.1 1Q0.0 97.2 48.8 41.2 1D.9 11.3 4.8

18 9.4

19 23.5
20 2.0

2, 1 12.0

22 17.5 100.0 99.8 68.4 55.1 22.9 11.6 4.8

23 25.8

24 34.1 100.0 196.7 43.6 310 19.41 13.3 10.2

2 5 - - .J

* No Sample Submitted
* Sample Too Small For G7adation
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Gradation Test Results

Run No. 1-Y2-12t000

Saoq.Za Dust Content Percent Finer b Weight -__ -
O . ( , / c u f t ) 5 p 2 5 0 ppA 3 _s.

1 0.8
2 1.93

3 2.77

4 4.21

3.55 100 90,9 33.0 22.8 7.7 6.5 4.3
6 3.72 100.0 95.0 57.5 51.3 16.2 11.4 5,9

2,66

1 1.95 -

9 2.25
10 3.17 100.0 98.1 50.9 34.1 11.2 9.7- 8.1

II 2.94

12 1.77 4

13 

5.62

1 5 4516 1- -93
-17 5.00 1. 100.0 89.9 34,.6 22.9 5.6 4.81 4.1

18 1.37
19 3.27

20 1.46

21 0.9

22 2.21 100.0 98.7 33.4 15.4 5.5 4.0 2.9
23 1.1 9_
24 4 69

25 4 1 7 1 0 0 .0 t 9 9.3 l 5 2 21 7

* No Sample Submittedf' Sample Too Small For Gradation

1.15



Gradation Test Results

tun to. 1-Y-3-12,000

Sam1le Dut Content Percent riner bf Weight
o. (0g/cu ft) -- 20, 74 58 A 36 x 1 ,u 14.5

6.2 I
2 12.2 _____

14.0 - --

4 24.2

5 18.6 100.0 99.4 52.2 43.2 26.3 18.0 11.2
6 1,t9 100.0 99.8 60.1 49.4 25.7 14.8 9.7

*16.9
8 10.5

10 14.2 100.0 99.8 53.8 48.5 27.4 16.6 11.9

11 14.7

12 7 3

13 10.5

14 5.7

15 14.5 -16 _________
16 15.4

17 1029.4 29.9 40.1 36.'3 12, JI 4
191 14,7

19 31.0

20 14.4

21 -5.1.. -

22 1.7 100.0 98.2 26.3 20.3 8.1 5.7 5.2
23 7.8

24 15.9 -

5 13.4 100.0 99.8 47.4 37.o 16.71 9.6 6.2
* No Sample Submitted

** Sample Too Small For Gradation
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Gradation Test Results

Run wo. 1-Y--12,000

Samplet Dust Content Percent Finer by Weight
No. (Mg/cu ft) 500 )u 250 4u 74,p 58,k 36,1 18)1 14.5

_ _0.3 I
2 1.
3 1.8

4 3.2

5 3.9 100.0 99.2 40.7 22.3 12.5 5.4 3.7

6 2.5 100.0 98.7 51.3 42.8 16.4 61 37

7 2.2
8 2.2

9 10.
10 3.9 100.0 99.2 59.9 42.6 18.8 ell 5,2

11 3.2 _ _ _

12 1.7 ,,

13 4.0

14 22.5

15 3.8

16 1.3

17 4.2 99.3 97.9 46.8 38.8 19.7 7.4 4.7 
1e 2-4 .

19 2.8

20 2,1

21 2.6 100.0 98.8 84.0 68.6 43.9 24.4 17.9

22 0.4 **

23 1.1

24 3.5 A

25 3.6 {100.0 99.31 5.2 282 9.71 6.5 4.6

No Sample Submitted
Sample Too Small For Gradation
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Gradation Test Restts
Run-No. 1-Y-4A-12,000

Samplet Dust Content Percent Finer by-Weight
No. (Ng/cu f 5ooj 25, 74, sB 36.u 1AA :50041 1-2 .....u ,-74 A% 5 x '3 -u 1 '4. p

2 10.2

3 6.3

5 8.2 100.0- 99..6 57 '0 ,49-9- , 0-, 2 . .

6 5, 1 99.4 9-. 7i3 -. 8-- 9.9,- 12.8 -. 3'

JO-i 
6 -

13 3 j -Q-3

-11 1.3 *--

F 3 3. Z- .

14- 0.9-

00 6 6.8.0 9 ...... 7.7 6,
16 5.2

17 51 J: On, i )9,.4 86.4 71.5 38.3 15 5 9.3

19 5. 9

20 2,-. ...
j21 CO. __ 0 o0 98.6 ...82.°2 12.71 42.6 .25.7 14.5

22 iI *

: ., 100.01 98.61 60.18144. 1 1.7 7.71 6,0

No S,. Submitted
SSample 1ta, Small For Gradation
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Gradatioh'Ta-it Results 
-Run ko. .- Y-5-12, 0 0 0 

:

P a p e D is t C o n t e n t " ; e e n i e b e h " .: '

Jf. -09 u0 - u 25- 4 5'i 3 A 0p 45A

7.2 
-

r 3 14.6

A

i i "I

4 1 9 . 8 
. . ,5 13.1 99.8: 99 6 70 .9'57 5 25.91] 14r61 9.9

6 1 8 . 3 1 0 0 . 0 9 9 . 8 .8 t 5 . 3 7 5 . 1 5 . 9 9 1 , 2> '
7 26 . 5 

;
8 21.79 26.6

1o 20.4 99.9 99.8 76.9 67.9 41., 9.t7 12 5
11 13.7

12 8.2

13 7.1 I
14 .3.5

is 7.7
16 1018 i0....
17 17,4 10.01 99.8 86.4 69.51 49.4 26.5 17.1
18 11.8
19 19.3
20 9.-5,
21 .e

22 .. 4.9 , 100.,0 99.41 63.5 52 ,.5 28.1 13 9 9,0

23 36.7
24 46.025 I 1.6 1100.01 99.7 70.0 56.1 9.8

No Sample Submitted -h

**Sample Too Small For Gradation
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Run No. 1i-.6-12d00

Sample Dust Content Preoiit Finer, by Weiqh,
no. (mg/ci'f 500 'A 0 4- 8 2A 36- IR 4 14 .5A,

3 4

3 10-0 - - - -

-1 . - - - --7 o-0
4, 7,0

9 L .3 100.0 98.8 i0. 4-7 25_2. j3.j R_

nl , -

7.6. 00.0 99.2 53.7 45.1 23.j 10.5 6.j1

S100.0 99.7' 61? S 2.2 28.0' 11.1 '7-.2

--- __-_'- -...--- -" - -.. . -.

-.-.. .. . .. . .. fll s a t

12 -4.1

- .7 - -0. 9. 50- 1-2-

19 -

21 4, 990.30 5 4533. 21.9 10.7 .2.

23 6- -

21 7.0 f0. 99.9.7 45.326. 2981.591.71 6.1

No~~ j~pesumto
Sampl TooSmal ForGradti20



Gradation Test ReauitsRun NO* 1Y-7-12-, 006

Sam;ple Dust Cofitent "Percent Finer bWeight 

4 8.0 : .. - '

5 : 9 , -5.4A 43.1- 35 f-, 0. 1.12 - ,7, I

4.4" 1

10 84 100.0 99.6 57.0 47.3 25.6 .J3 I -T<

ii 4.6 -

12 3.3

4.3-

14 2.8
IS 6.5

lb 4.5' - -.. - - -

_17 6.4 100.0 99,6 -66,9.5326 26.2 13,0 -8.7
is 2.9

19 5.1
20 3.2- - | .- - - -"21 14 100.0 97.8 46.7 37.2 14.9 6.0 4.1

22 .8 **

23 0.4

24 7.1
25 4.2 100.0 99.3 29.7 20.0 -7.2 3 -9 3.2

7 . j .]2

* No Samiple Submitted
* Sample Too Small For Gradation
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~ ____ ______ ____-_ _____

Run .1 y~8 ~ 2 ,0 Gradation Test Results
_ -: ~1-Y-8-12 #000 r d t °

f Run No.

*a~pe Dust Contznt rt ccs't Finer byWeight
N o.= ( g/ c u f  Q --o 2 5--4 t 5 8 Ai 3 6 1. p 1 4 .5 p

1 0.6 ___

2 3.6 1
_ _ _ .. 7
16.0 99.x 97.6 42.9 .A.12.5 9.1

6 122 100.0 990 64.- 5.21 42.8 25.7 18.3
7 16.5 ---

8.4- -
10 12.1 99.8 97.9 52.0 34.21 17.2 5.3
11. 10.6 -

12 6.0

1 8.0__1
14 4.7

15 _-6.6-' _

16 7.1 /

17 14.5 100.0 98.1 57.6 46.7 34.51 20.9 15.3

18 8.2

19 16.6
~~20 , 8.4 "i . .

21 8.1 100.0 99.3 69 3 62.1 46.1 25.0 21.3

22 1.2 ** 1

23 0.03
24 18.6 1 __

25 407 99.3 98.0 38.4 25.2 10.8 6.5 3.5
• N Sample Su3bmitted
• Sample Too Small For Gradation
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Gr.p.c;,tinn Test Results
Rur . i-Y-9-12.000

SSapriple Dust Content Percent }I.r by Wel.ht
j (mg/.u o o 250 74 Az 58 A 3-.X p 14.5 

_5.9_ _

3 3.7

4 6..5

5 11.0 .R00.0 97.0 65.3 60.0; 439 32.6 8.9
6 8.6 i00.0 98.9 79.5 70.0 54.1 25.6 21.2

7 7.4

8 8.6

9 7.4

10 9.9 00-0 99,7 83.6 71.1 45.1 _22-a 2..4
ii 9.4

i 5.3

13 5.4

34 2.6

15 9.9---' _

16 6.6

0 8.7 100.0 97.4 73.6 65.4 41.1 25.5_. ia.-
.18 2.8
19 4A4

20 4.3

21 5.8

22 1.7 100.0 98.2 54.3 40.1 23.6 10.6 8.7

23 I_ 9_

4 22.0 
8

9.3 00.0 8.4 42.7 32.9 117.0 8 ._6.9

' No ,Omple Submitted
'* Sample ':Qo Small ior Gradatto.,
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Gradation Test Results

Run So. ,-Y-10-12,000

uSavple Out -antgnt Percent Finer by Weig
No. (wg/cu ft 0 T iAT2A Aj3MlSu1.

1 1.9 - -

2 2.5

2.0

4 2.1

3.7 99.2 97.5 71.4 60.8 48.2 24.6 15.6

6 3.3 99.1 97.2 80.2 75.8 54.9 32.6 21.2i

7 4.8

- [ --

10 3.9 99.2 98.4 85.8 75.5 45t9 26.9 17.7

11 ':j- 7

12 2. 8

1-3~ 3.3

1.4 2.8

15 4.8 _

16 2.6 ____

17 5.2 100.0 99.4 78.3 i69.4 49.7 21.3 13.8

18 '.[1.
19 I 2.3 I

20 1.4 I I
21 4.3

22 1.7 100.0 96.4 58.2 51.9 31.8 13.7 9.0

23 0.4

64 9.2 _ _

25 3,.0 98.9 97.8157.8 -142.51 21.9 12.1 8.0

--No Sampi; Submitted
"* Sample Toc Small For Gradation
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